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OPERATOR,  ORGANIZATIONS 


GENERAL  SUPPORT,  ANI 


MAINTENANCE  MAN 


LOADER,  SCOO 

D.E.D. 

4-WHEEL  DRIVE,  PNEUM 

HINGED  FRAME  STEER,  ^ 

FRONT  MOUNTED,  H\ 

OPERATED,  10,500-LB  C 

(EATON,  YALE  &  TOWN 
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BEFORE  OPERATION 

Do  not  stand  in  front  of  wheel  when  inflating  a  tire, 
injury  could  occur  by  locking  ring  being  blown  from  tire, 
wheels  and  set  parking  brake  before  performing  tire  mini 

When  filling  fuel  tank,  provide  metal-to-metal  contacl 
tank  and  filler  nozzle  to  prevent  static  spark.  Do  not  J 
to  less  than  U  inches  from  top. 

Do  not  saoke  or  use  open  flame  in  the  area  when  servi( 
teries.  Batteries  generate  a  highly  explosive  gas* 

Keep  hands,  floor,  and  controls  free  from  grease,  oil, 
to  avoid  possible  injury* 

DURING  OPERATION 

Do  not  allow  anyone  to  stand  between  body  segments  wh< 
is  running* 

Never  leavs  operator' s  seat  with  lift  forks  raised  fr< 

Never  lift  load  over  personnel  on  the  ground* 

Set  parking  break  when  leaving  the  seat. 

Never  carry  personnel  on  forks  unless  a  protected  pal 


Never  shift  gears  from  forward  to  reverse  without  com 
stop* 

Do  not  make  sharp  turns  at  high  speed. 
Do  not  operate  truck  in  an  enclosed  area  without  prop 
AFIER  OPERATION 

Never  leave  truck  with  forks  raised* 


CHANGE 
No.  2 

Operator,  Organizational,  Direct,  and  General  Support,  and  Depot 


DEPART? 

A 
WAKIIINOT< 


LOADER,  SCOOP  TYPE,  D.E.D./  4-WHEEL  DRIVE,  PNEUMATIC 
STEER,  W/FORKLIFT,  FRONT  MOUNTED,  HYDRAULIC  OPERAT 
(EATON,  YALE  &  TOWNE  TROJAN  MODEL  3000M)  FSN  3* 


TM  5--:J8()5-24;*~15,   i  October  19(58,  is  changed  as 

follows : 
Page  0.  Paragraph  2.1  is  addod  as  follows. 


2.1 .  Maintenance  ar 

Refer  to  Table  1  for  n 
and  operating  supplies 
of  (-ho  loader. 


Table.  1.  Maintenance,  and  Operating  KupplifH 


(1) 

OomiKinont  .'implication 

Kodoral  slock  number 

(8) 
l)o,scrl|H.lon 

W 
quantlly 

oiKirulloii 

(&) 

Qimntl 
w  |ii  In 
f/K  lir.-, 
o|M)rutli 

CRANKCASIO  

9150--205  94115 

LUBRICATING     OIL,     HnguM;: 

19  (|t 

KUIOL  TANK 

9140-280-528:1 

MIL   L  -210-1,  OK-30,  5Kal  pail 
KUl'lL  OIL,  Du-sd,  Kcul  S|>cc  VV- 

83  gal 

V  800,  Grade;  DF--2,  hulk 

GKNKRAL 

9150-190-0905 

GRl'lASIO,  Aulomolivo  and  artil- 

AR 

APPLICATION 

lery;  MIL   G  -10924,  5  ll>  can 

RADIATOR  

0850-243-1990 

ANTIKRIOIOZK,    othylcMU'-Glyeol 

AR 

55  K'll  drum 

1JRAK10  HYSTUM. 

9150-252-0375 

BRAKM  FLUID,   Automotive, 

2  pi, 

MIL-  11  -13910,  1  ital  can 

HYDRAULIC 

9150-205  9430 

LUBRICATING  OIL,  enKim:: 

50  gal 

TANK 

MIL-L-2104,    OK  -10,    55    gal 

drum 

PLANKTARY 

9150  577-5844 

LUBRICATING  OIL,  Gear, 

59  qts 

DIIIVKS 

MIL-L-2105,  GO-90,  5  Kal  pail 

Iteer  Cylinder  Overhaul    ----------------  48 

"roubleshoot ing  the  Steering  Hydraulic  System  -----  5] 

Steering  Hydraulic  Pump  Overhaul    --  —  -  —  -  -  -  -  52 

Steering   -  Linkage  Components  -------------  56 

Jteering  Gear  Assembly  —  --------------  56 

"ransmission  Hydraulic  System  -  -  -  - ---.  61 

"ransmission  and  Torque  Converter   System  -------  61 

"roubleshoot ing  the  Torque  Converter  ---------  62 

lain  Pivot 83 

*5Slow  Block  -----  —  ..--.---------  86 

Jail   Slip  Joint  Overhaul -  -  89 

Jrake  System  --  —  -----------------  9] 

"roubleshoot ing  Air  Brake  System  - — 92 

Service  of  Component  Parts  --------------  94 

'ower  Cluster  Overhaul ...  —  95 

btle  Overhaul  ---------------------  98 

PART  2 

DIESEL  ENGINE  MODEL  C-180 
OPERATION  AND  MAINTENANCE 


jeneral 


Derating  Principles  ---  --------------         -i 

The  Diesel   Engine  ----  ------  ---  —  —  -       -j 

Fuel   System  ---  —  ----------------       -2 

Lubricating  System  -  —  --------------    -jo 

Cooling  System  -------------------    -11 

Air  System  -  -------  -  ------------    -12 

>peratlng    Instructions  ---  -------------  2-1 

General   -  All  Applications  -  -  -  -  ----  —  ---  2-1 

troubleshooting  -  -  —  ---------------  £f-i 

Diesel   Engines  -------------------  4-1 

Maintenance  Operations  ----------------  5-1 

Maintenance  Schedule  ----------------  5-1 

Lubricating  System  Maintenance  -----------  5-4 


Change } 
No.  3    ) 


Operator,  Organizational,  Direct 
Support,  and  Depot  Maintenan 

LOADER,  SCOOP  TYPE,  D.E.D.,  4 

PNEUMATIC  TIRES,  HINGED  F 

W/FORKLIFT,  FRONT  MOUNTE! 

OPERATED,  10,500  LB  CAPAC 

YALE  &  TOWNE  TROJAN  M( 

FSN  3805-074-637J 

TM  5-3805-243-15/NAVSUP  6004-A,  1  October  1968,  is  chang 
Inside  Front  Cover.  Add  the  following  warning  to  the  list  of 

WARNING 

Operation  of  this  equipment  presents  a  noise  hazard  to  pe 
level  exceeds  the  allowable  limits  for  unprotected  personne 
which  were  fitted  by  a -trained  professional. 

Page  6,  Part  1.  "FORMS  AM)  RECORDS"  paragraph  is  sup 
REPORTING  OF  ERRORS 

You  can  improve  this  manual  by  recommending  improvemen 
Changes  to  Publications  and  Blank  Forms),  or  a  letter,  and  ma 
Support  Command,  ATTN:  AMSTS-MPP,  4300  Goodfellow  Blvd. 
nished  direct  to  you. 

TB  MED  251  contains  information  on  noise  and  conservation 
Page  2>L  Immediately  after  title,  add  the  following  warning 

WARNING 

Operation  of  this  equipment  presents  a  noise  hazard  to  pe 
level  exceeds  the  allowable  limits  for  unprotected  personne 
which  were  fitted  by  a  trained  professional. 


fficial; 

VERNE  L  BOWERS 
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Chi*£  of  Staff 
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Commander,  Naval  Supply  Systems  Com, 


istribution: 

To  be  distributed  in  accordance  with  DA  Form  12-25B  (qty  rqr  block  No.  402),  Organizational 
mance  requirements  for  Loaders. 
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OPERATOR,  ORGANIZATIONAL,  DIRECT  AND  GE 

MAINTENANCE  MANUAL 

LOADER,  SCOOP  TYPE,  D.E.D.,  4  WHEEL  DRIVE, 
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PART  I.  TROJAN  TRACTOR  SHOVEL  -  MODEL  3000 


Genera]  Instructions  -------- 

Instrument  Panel  and  Operating  Centre 
Start-up  -  Shut-down  Procedure  -  -  - 
Operating  the  Tractor  Shovel  -  -  -  - 

Adjustments  ------------- 

Filters  and  Breathers  -------- 

Lubrication  and  Service  ------- 

Welding  Instructions  -------- 

Protective  Equipment  -------- 

Preparation  of  Base  Metal  ------ 

Repair  Welding  ----------- 

Hydraulic  Systems  ---------- 

Main  Hydraulic  System  -------- 

Instructions  on  How  to  Check  Hydrauli 
Packings  by  Using  a  Simple  Flow  Tes 


APPENDIX  A 

BASIC  ISSUE  ITEM  LIST  AND  ITEMS 

TROOP  INSTALLED  OR  AUTHORIZED 

Section  I.  INTRODUCTION 


A-1.  Scope 

This  appendix  lists  basic  issue  items,  items  troop 
installed  or  authorised  which  accompany  the  loader 
and  are  required  by  the  crew/operator  for  operation, 
installation,  or  operator's  maintenance. 

A-2.  General 

This  basic  issue  items,  items  troop  installed  or  author- 
ized list  is  divided  into  the  following  sections; 

a.  Manic     ISXM     Itema     I Sutt— -Section     II.     Not 
applicable. 

b.  Ite.m«    Troop    Installed    or    Authorized    Lint 
Section  III.  A  list  in  alphabetical  sequence  of  items 
which  at  the  discretion  of  the  unit  commander  may 
accompany  the  end  item,  but  are   NOT  subject  to 
be  turned  in  with  the  end  item. 

A-3.  Explanation  of  Column* 

The  following  provides  an  explanation  of  columns  in 
the  tabular  list  of  Basic-  Issue  I  terns  List,  Section  II, 


and    Items  Troop  Installed 
111. 

a.  iS'mmr,  Maintenance.,  ai 
(iS'Af/0:  Not  applicable. 

I),  federal  tftock  Number. 
the  I'Ydenil  stock  number  a 
will  be  used  for  requisition  in 

c.  Description.  This  colun 
item  name  and  any  additi 
item  required. 

(I.  Unit,  of  Measure.  (U/M 
betic.  abbreviation  indicating 
of  (.he  item  upon  which  tli 
e.g.,  ft,  ea,  pr,  etc, 

c.  Quantity  Authorized  (I 
Authorized  Only).  This  colun: 
of  the  item  authori/ed  to  be  i 


Section  III.  ITEMS  TROOP  INSTALLED  OR  AUTHORIZEI 


(1) 

(2) 

W 

Description 

HMH  wxlo 

Fudnral  Block 

number 

Kof  No.  A  Mfr 

UB 

codo 

on 

4210-88i)-22'2l 

KXTINCJUISHKR,  FIRIO  _            

By  Order  of  the  Secretaries  of  the  Army  and  the  Navy: 


Official : 

VERNE  L.  ROWFvRS 


OREKJIITON  W.  A 

General,  United  Stat* 
(lliwf  of  Staff 


DIRECT  SUPPORT,  GENERAL 
SUPPORT  AND  DEPOT  MAINTENANCE 
Engine  Disassembly  -  Group  0 

Cylinder  Block  -  Group  1 

Cylinder  Block  ------------ 

Cylinder  Liners  ----------- 

Idler  Gear  -------------- 

Crankshaft  -------------- 

Bearings  --------------- 

Vibration  Damper  ----------- 

Connecting  Rod  ------------ 

Piston  and  Rings  ----------- 

Camshaft  --------------- 

Gear  Cover  -------------- 

Rear  Cover  -------------- 


Cylinder  Head  -  Group  2 
Cylinder  Head  -  -  -  -  - 
Injector  Sleeve  -  -  -  - 
Valve  Seat/Inserts  -  -  • 
Valve  Crosshead/Guides  • 
Valves,  Guides,  Springs 
Assembly  and  Testing  -  • 


Rocker  Lever  -  Group  3 
Levers  and  Cover  -  - 
Push  Tube  -----< 
Crankcase  Breather  - 


Tappets  -  Group 
Tappets  -  -  - 


Fuel  Pump  -  Group  5 
Fuel  Pump  -  -  -  - 


Injector  -  Group  6 
Injectors  -  -  -  • 


I  i  iK»»  i  r-a-h  I  rvn  Qwct-^m  ••  fir*/ 


Pump  „..-_-_.- 
Pressure  Regulator 


Cooling  System  -  Group  8 
Water  Pump  ------ 

Fan  Hub  ----  ---  - 

Radiator  --  --- 


Drive  Unit  -  Group  9 
Fuel  Pump/Compressor 


Intake  Air  System  ~  Group  10 
Supercharger  ------- 


Exhaust  System  -  Group  11 
Manifolds  --  ---- 


Air  Equipment  -  Group  12 
Compressor  ------ 


Electrical  Equipment  -  Group  13 
Starting  Motor  ------- 

Generator  --------- 


Engine  Assembly  -  Group  1^ 

Assembly  ----------------------  U 

Testing  -  ----  ------  ---  -  ......  -  U 

Storage  ----------------------  U 

Engine  Adaptations  -  Group  15 

Flywheel/Housings  -----------------  U 


Wear  Limits/Specifications  -  Group  l6 
C  ..-•-__---------- 


TROJAN  TRACTOR  SHOVEL  —  MODEL  3000 


FORMS  AND  RECORDS 

Report  of  errors,  omissions,  and  recom- 
mendations for  improving  this  publication 
by  the  individual  user  is  encouraged. 
Reports  should  be  submitted  on  DA  Form 
2028  (Recommended  Changes  to  DA  Publi- 
cations) and  forwarded  direct  to  the 
Commanding  General,  U.S.  Array  Mobility 
Equipment  Command,  ATTN:  AMSME-MPP, 
4300  Goodfellow  Boulevard,  St.  Louis, 
Missouri  63120 

DA  forms  and  procedures  used  for  equip- 
ment maintenance  will  be  only  those 
prescribed  by  TM  38-750,  Array  Equipment 
Record  Procedures. 


PREPARATION  FOR  OP 


SERIAL  NUMBER  PLATES 

The  serial  number  plate  is  located  in  the 

operator's  compartment  to  the  left  of  the  seat  and  below 
brake   lever.  See  Fig.   2. 


The  Engine  serial  number  plate  is  located  on 

the  engine  to  the  rear  of  the  injection  pump  and  air 
compressor.  The  engine  model  and  serial  number  are 
given  on  the  engine  serial  number  plate. 


The  transmission  serial  number  plate  is  located  on  the 
right  rear  of  the  transmission  case.  The  part  number 
and  serial  number  of  the  transmission  are  stamped  on 
the  plate.  See  Fig.  1. 


Before  starting  your 

it  on  level  ground  and  mal 


1        Check  the  entire  machii 

A.  See  that  all  bolts,  ni 
are  tight. 

B.  Pay  particular  attenti 
engine  mounting  bol 
Refer  to   the  torque 
manual. 

2  Check   all    of   the    draii 
opening    plugs,    fuel    li 
cleaner  connections  to  s 
not  leak. 

3  Fill  the  fuel  tank. 

H  Check  each  battery  eel 
covered  with  fluid.  Ac 
cover  plates  if  necessar 

5  Check  to  see  that  the  cc 
for  anti-freeze  protecti< 
expected. 

6  Grease  all  lubrication  f 
cation  section  of  this  n 
of  lubrication  required 

7  Check  the  oil  level  of  t 
to  the  lubrication  secti 
tion,  quantity  and  type 

A.  Engine  crankcase 

B.  Front  drive  axle    (c 
differential) 

C.  Rear    drive    axle     (o 
differential) 

O.  Main  hydraulic  rese 
E.  Transmission 


1 .     Hi-Lo  Range  Switch 


3.     Serial 


TP1065 


1.  Ammeter 

2.  Engine  Oil   Pressure   Gauge 

3.  Dash  Lamp 

4.  Engine  Water  Temperature  Gauge 

5.  Speed   Range  Control   Lever 

6.  Steering  Wheel  Spinner 

7.  Horn  Button 

8.  Ignition  Switch 

9.  Engine  Hourmeter 

10.  Light  Switch 

11.  Air  Pressure  Gauge 

12.  Transmission  Clutch  Pressure  Gauge 

13.  Torque  Converter  Temperature  Gauge 


14.  Overhead   Light  Switch 

15.  Accelertor   Pedal 

16.  Fork  Control    Lever 

17.  Lift  Arm    Control   Lever 

18.  Water   Fording  Cable 

19.  Seat  Adjustment  Control 

20.  Ether  Starting   Kit 

21.  Parking   Brake   Lever 

22.  Hi-Lo   Range  Switch 

23.  Brake   Pedal 

24.  Directional   Control  Lever 

25.  Starter  Button 


Fig.   3.       Operator's   Compartment 


left  position  on  the  instrument  panel. 

2.  Purpose:  The  ammeter  indicates  the  amount  of  cur- 
rent flow  to  and  from  the  batteries.  A  reading  in  the 
minus  — range  indicates  that  the  batteries  are  dis- 
charging; a  reading  in  the  plus  +  range  indicates  that 
the  batteries  are  charging. 

ENGINE  OIL  PRESSURE  GAUGE  (2  Fig.  3) 

1.  Location:  The  engine  oil  pressure  gauge  is  the  second 
gauge  to  the  left  of  center  on  the  panel. 

2.  Purpose:  The  engine  oil  pressure  gauge  indicates  the 
pressure  in  the  engine  lubricating  system.    Nortna  1 

operating  pressures  are  10/30  psi(idle); 
40/75  psi  at  rated  speed. 

DASH  LAMPS  (3  Fig.  3) 

1.  Location:   Two  dash   lamps  are  mounted   above   the 
instrument  panel,  one  for  each  side  of  the  panel. 

2.  Purpose:  The  dash  lamps  illuminate  the  instrument 
panel  during  night  operation;  they  are  controlled  by 
the  main  light  switch. 

ENGINE  WATER  TEMPERATURE  GAUGE 
(4  Fig.  3) 

1.  Location:    The    engine   water   temperature    gauge    is 
the    first   gauge   just   to   the    left   of    center    on    the 
panel. 

2.  Purpose:  The  engine  water  temperature  gauge  indi- 
cates the   temperature  of  the  engine  coolant.  Oper- 

ating   temperature    165°  to   195°F. 


edge   of  the   instrument  panel,   to   the   right   of  thf 
center  of  the  panel. 

2.  Purpose:  The  ignition  switch  energizes  the  startinj 
motor  circuit  and  all  gauges  and  switches  includ 
engine  hourmeter.  Turn  the  key  to  the  right  for  thi 
ON  position.  Turn  the  key  to  the  OFF  position  be 
fore  leaving  the  operator's  seat.  Refer  to  shut-dowi 
procedure. 

ENGINE  HOURMETER  (9  Fig  3) 

1.  Location:  The  engine  hourmeter  is  mounted  just  t< 
the  right  of  the  center  of  the  panel. 

2.  Purpose:    The   engine   hourmeter   indicates    the    op 
erating  time  of  the  machine.  It  registers  the  operatiiij 
time  in  hours  and  tenths  of  an  hour.  The  operatinj 
time,  as  indicated  on  the  hourmeter,  should  be  usec 
as  a  basis  for  lubrication  and  maintenance  schedules 


LIGHT  SWITCH  (10  Fig.  3) 

1.  Location:  The  light  switch  is  located  to  the  right  o 
the   steering  wheel   below   the   hourmeter  gauge   01 
the  instrument  panel. 

2.  Purpose:  Pull  the  light  switch  out  to  the  first  positioi 
to  turn  on  the  dash  lights,  headlights  and   red  tail 
lights.  Pull  it  out  to  the  second  position  to  turn  on 
the  red  taillights  and  to  turn  on  accessory  equipmen 
connected  to   tail   light  terminal   block.   Dash  light 
and  headlights  remain  on. 


SPEED   RANGE   CONTROL   LEVER    (5  Fig.  3) 

1.  Location:  The  speed  control  lever  is  located  left  and 
forward  of  the  steering  wheel,  and  is  the  lower  of 
the  two  levers. 

2.  Purpose:  The  speed  control  lever,  in  conjunction  with 
the  transmission  range  lever,  controls  the  speed  at 
which  the  machine  moves.  Move  the  lever  forward 
so  the  indicator  is  at  1  for  first  speed.  Pull  the  lever 
straight    back   so    the    indicator   is    at    2    for   second 
speed.    The   center    position,    with    this    indicator   at 
N-Start,  puts  the  transmission  in  neutral,  the  position 
required  for  starting.    Safety   switch    (6  Fig ., 

is  closed  only  when  switch  is  in  "N"  position* 
STEERING  WHEEL  SPINNER  (6  Fig.  3) 

1.  Location:  The  steering  wheel  spinner  is  located  on 
the  steering  wheel. 

2.  Purpose:  The  steering  wheel  spinner  allows  the  op- 
erator to  turn  the  wheel  rapidly  and  easily  in  either 
direction. 


AIR  PRESSURE  GAUGE  (11  Fig.  3) 

1.  Location:  The  air  pressure  gauge  is  mounted  tu-xt  tc 
the    hourmeter,    just    to    the    right    of    the    steerinj 
wheel. 

2.  Purpose:  This  gauge  indicates  the  air  pressure  in  thi 
air  reservoir  available  for  service  brake  power  cluste 
operation.  The  gauge  should   read  between  90   am 
120  P.S.I.  The  machine  must  not  be  moved  unles 
there  is  at  least  60  pounds  air  pressure  in  the  reser 
voir.    If   the   air   pressure   falls    below   the   specific* 
range  while  operating,  shut  down  immediately;  refe 
to  the  brake  section  of  this  manual  and  correct  thi 


TRANSMISSION  CLUTCH  PRESSURE  GAUGE 

(12  Fig.  3) 


HORN  BUTTON  (7  Fig.  3) 

1.  Location:  The  horn  button  is  mounted  in  the  center 
of  the  steering  wheel. 

2.  Purpose:  The  horn  button  operates  the  electric  horn. 
Depress  the  button  to  sound  the  horn. 


1.  Location:  The  transmission  clutch  gauge  is  the  thirc 
gauge  to  the  operator's  right  on  the  panel. 

2.  Purpose:  This  gauge   indicates   the   pressure  of   th 
transmission   hydraulic  system   at  the  control   valv 
that  is  available  to  actuate  the  transmission  clutches 
This  pressure  should  read  between  240  and  280  P.S.I 

If  clutch  pressure  falls  below  24* 
P.S.I.,  investigate  the  cause  immediately  to  preven 
transmission  clutch  slippage.  Refer  to  the  transmis 
sion  section  in  this  manual. 


panel. 

2.  Purpose:  This  gauge  indicates  the  temperature  of  the 
oil  in  the  torque  converter  and  transmission  lubricat- 
ing system  as  it  leaves  the  torque  converter.  It  will 
normally  register  between  210°  and  230°  F.  If  the 
temperature  rises  above  230°  F.,  shift  to  a  lower  op- 
erating range.  Should  the  temperature  remain  above 
normal,  investigate  immediately  and  correct  the 
cause.  Refer  to  the  torque  converter  section  in  this 
manual. 

OVERHEAD    LIGHT    SWITCH     (14  Fig.  3) 

1.  Location:     The  overhead  light  switch  is  located  on 
the  right  side  of  the  instrument  panel  below  the  air 
pressure  gauge. 

2.  Purpose:     Push  the  toggle  up  to  turn  the  overhead 
lights  on,  push  the  toggle  down  to  turn  the  overhead 
lights  off. 

ACCELERATOR    PEDAL    (15  Fig.  3) 

1.  Location:  The  accelerator  pedal  is  mounted  on  the 
front  floorboard,  to  the  right  of  the  operator. 

2.  Purpose:  Press  the  accelerator  pedal  to  increase  the 
speed  of  the  machine.  Release  pressure  to  decrease 
speed. 

FORK    CONTROL    LEVER    (16  Fig.  3) 

1.  Location:    The  fork  control  lever  is  the  inside  lever 
located  to  the  operator's  right. 

2.  Purpose:    The  fork  control  lever  has  three  positions 
for  fork  control.      Push   the  lever  in  the   forward 
dump   position   to   tilt  the   fork   to   dump   the   con- 
tents; release  the  lever  to  the  center  hold  position  to 
hold  the  fork  in  any  given  position;    place  the  lever 
in  the  rear  tip  back  positron  to  hold  the  fork  in  an 
upright  position  for  transporting  loads.   The   lever 
operates  at  any  fork  height. 

LIFT   ARM   CONTROL    LEVER    (17  Fig.  3) 

1.  Location:  The  lift  arm   control   lever   is   the   outer 
lever  located  to  the  right  of  the  operator. 

2.  Purpose:  The  lift  arm  control  lever  has   four  posi- 
tions.    To  raise  the  fork,  pull  the  lever  back  to  the 
lift  position.    To  hold  the  fork  at  any  height,  move 
the  lever  forward  one  position  to  HOLD.  To  lower 
the     fork    slowly     with     positive     hydraulic     down 
pressures,    move    the    lever    forward    one    position 
to    the     DOWN     position.       Move    the    lever    all 
the    way    forward    to    the      FLOAT      position    to 
lower  the  fork  quickly,  or  to  allow  the  fork  to  move 
freely 

WATER-FORDING    CONTROL     (18  Fig.  3) 

1.  Location:  The  water- fording  control  is  mounted  to 
the  right  of  the  operator  and  behind  the  valve  con- 
trol levers. 


CAUTION:     Do  not  operate  machine  in  water  with 
control  in  down  position.    Engine  breath- 
er system  will  take  in  water. 
SEE  PAGE   13  FOR  ADDITIONAL  INSTRUCTIONS 

SEAT    ADJUSTMENT    CONTROL    (19  Fig.  3) 

1.  Location:  The  seat  adjustment  control  is  located  on 
the  seat  base,  to  the  left  of  the  operator. 

2.  Purpose:  Pull  the  seat  adjustment  control  to  the  rear 
to   release    the   catch;    this   permits   the   operator   to 
move  the  seat  backward  or  forward. 


ETHER  START   KIT   CONTROL   (20  Fig.  3) 

1.  Location:  The  ether  start  kit  control  is  to  the  left  of 
the  operator's  seat  above  the  parking  brake  lever. 

2.  Purpose:   The  ether   start  kit  supplies  a  charge  of 
ether   to   the   intake   manifold  for  starting   in   cold 
weather.  To  use  kit,  pull  the  control  once,  then  im- 
mediately press  the  starter  button.  Refer  to  start-up 
procedure  in  cold  weather  (+40°F.  and  below) 

ENGINE  SHUT-DOWN  CONTROL  (8  Fig.  3) 
Turn  ignition  switch  to  OFF  position. 

PARKING  BRAKE  LEVER  (21  Fig.  3) 

1.  Location:  The  parking  brake  lever  is  located  imme- 
diately to  the  left  of  the  operator's  seat. 

2.  Purpose:  Pull  the  lever  up  to  set  the  parking  brake. 
Release  the  parking  brake  by  moving  the  lever  down 
before   putting   the   machine  in   motion   to   prevent 
damage  to  drum  and  lining. 

TRANSMISSION  RANGE  LEVER 
(22  Fig.  3)      (1  Fig.  2) 

1.  Location:  The  transmission  range  lever  is  the  second 
lever  to  the  left  of  the  operator's  seat. 

2.  Purpose:  The  transmission  range  lever  selects  either 
high  or  low  transmission  range.    The  high  range  pro- 
vides the  higher  speeds  for  either  setting  of  the  speed 
control  lever.      The   low  range  provides  the  lower 
speeds  for  either  setting  of  the  speed  control  lever. 
Move  the  lever  UP  for  high  speed  range.    Move  the 
lever  DOWN  for  die  low  speed  range.     By  operat- 
ing this  lever  in  conjunction  with  the  speed  control 
lever,  four  shift  speeds  are  available  from  the  trans- 
mission. 


STOP   MACHINE    WHEN   SHIFTING   FROM 
HIGH  TO  LOW  RANGE  OR  VICE  VERSA. 


When  shifting  from  high  range  to  low  range,  the  follow- 
ing steps  must  be  taken: 

1.  Stop  che  machine. 

2.  Move  directional  lever    and    speed  range  lever  into 
neutral  position. 

3.  Move  high   range  lever  down   for  low  speed  range 
and  up  for  high  speed   range.      If  she  range  lever 
will  not  travel  from  high  range  to  low  range  or  vice- 
versa,   engage    the    directional   lever   and   the   range 
lever   and   inch    the   machine   either   forward   or   re- 
verse.   Disengage  the  two  levers  and  attempt  the  Hi- 
Lo   shift   again.      This    procedure    is    recommended 
to    line   up    the    shift    coupling   in    the    transmission 
rather  than  to  grind  the  gears  thus  resulting  in  im- 
proper wear. 

IMPORTANT:  The  transmission  range  lever  (22) 
Fig.  3)  must  NOT  be  moved  UP  to 
DOWN  while  the  machine  is  in  mo- 
tion. Stop  machine  before  the 
lever  is  moved  from  one  position 
to  another. 

SERVICE   BRAKE   PEDAL    (23  Fig.  3) 

1.  Location:    The  service  brake  pedal  is  located  on  the 
floor  in  the  front  of  and  to  the  left  of  the  operator. 

2.  Purpose:     Press  forward  on  the  service  brake  pedal 
to  actuate  the  brake  power  clusters,  applying  brakes 
to  all  four  wheels. 


macrnnc  is  muveu. 


CAPACITIES 

Cooling  System: 

Cummins  C-180-CI 
Fuel  Tank 

Hydraulic  System,  Main  and  Steering 
Transmission  Hydraulic  System 
Front  Axle: 

Differential 

Hubs 
Rear  Axle: 

Differential 

Hubs 

Crankcase   


Approx. 

48  U.  S.  Qts. 
83  U.S.  Gals. 
50  U.S.  Gals. 
24  U.  S.  Qts. 

6  U.  S.  Gals. 
6  U.  S.  Qts. 

6  U.S.  Gals. 
5  U.S.  Qts. 

,   k  U.S. Gals. 


DIRECTIONAL    CONTROL    LEVER    (24  Fig.  3) 

1.  Location:    The   directional   control    lever    is    locati 
left  and   forward   of   the   steering  wheel   and   is   tl 
uppermost  of  the  two  levers. 

2.  Purpose:  The  directional  control  lever  controls  tl 
forward  or  reverse  movement  of  the  machine.  Mo 
the  lever  forward  so  the  pointer  indicates  F  to  p 
the   transmission   in   forward   range;   move   it  to  tl 
rear  so  the  pointer  indicates  R  to  put  the  cransmissi< 
in  reverse.  The  center  position,  with  the  indicator 
N,  puts  the  transmission  in  neutral. 


STARTER    BUTTON    (25  Fig.  3) 

1.  Location:  The  starter  button  is  located  to  the  left 
the    steering    wheel    below    the    engine    temperatu 
gauge. 

2.  Purpose:  The  starter  button  closes  the  circuit  to  tl 
engine    starter    solenoid.    Press    to    operate    engii 
starter;  Release  when  engine  starts.  To   avoid   ovt 
heating  the  starter,  do  not  crank  for  more  than 
seconds  in  any  one  cranking  period.  Refer  to  start-i 
procedure. 

FUEL  GAUGE 

1.  Location:  The  fuel  gauge  is  mounted  in  top  of  tl 
'fuel  supply  tank  to  tihe  right  of  the  operator. 

2.  Purpose:      The  fuel  gauges  indicates  the  amount 
fuel  in  the  tank  at  all  times. 

DO  NOT  FILL  TANK  TO  LESS  THAN  >4-  INCHES 
FROM  TOP. 

ELECTRICAL  SYSTEM 


System  Voltage 

Ground 

Head  Lamps 

Tail  Lamps 

Work  Lights 

Main  Circuit  Breaker 

Auxiliary  Circuit  Breaker 

Poles 

Ratings 
Battery 

Voltage 

(2  Batteries  in  Series) 

Amp.  Hour  Cap. 


24  Vol 
Negati' 
24  Vol 
24  Vol 
24  Vol 
70  Am 


3  (??  15  Amp.;  1  (n   30  Am 
12  Vol 


PRESSURES 

Main  Hydraulic 
Fork  Circuit  Relief  Valve 
Lift  Cylinder  Relief  Valve 
Steering  Hydraulic 
Transmission  Clutch 


1650  P.S.I. 
1100  P.S.I. 
1900  P.S.I. 
1300  P.S.I. 
240  to  280  P.S.I. 


Air  Brake  90  P.S.I.  Min.;  120  P.S.I.  Max. 

Tires  Pressure: 

(23.5  x  25)  24  Ply  SGL  Min.  Max. 

SGL — Sure  Grip  Lug          Front    45  50 

Rear      25  30 

Note:  While  operating  at  reduced  tire 
pressure,  speed  must  be  limited  to  12 
mph. 


Rough  Terrain 

35 
25 


carefully   read   the   engine   starting   instructions 

Attempting   to   start    or  run 

the  engine  before  studying  these  instructions  may  result 
in  permanent  engine  damage. 

With  the  engine  fully  serviced  in  accordance  with  the 
applicable  engine  operator's  manual  and  with  the  op- 
erator thoroughly  familiar  with  the  locations  and  func- 
tions of  the  Operating  Controls,  Instruments,  and 

Switches,  the  forklif t  truck  is  started  acc- 
ording to  the  following  instructions: 

WARM  WEATHER 

1.  Place  speed  range  control  lever  in  neutral  (N-Start) 
position. 

2.  Turn  ignition  key  to  ON  position. 

3.  Depress  accelerator  pedal   to  full   fuel   position. 

4.  PRESS  starter  button  firmly  to  start  engine.  Do  not 
crank  for  more  than  30  seconds  in  any  one  cranking 
period  to  avoid  overheating  the  starting  motor. 

CAUTION:  If  the  engine  fails  to  start,  DO  NOT 
press  the  starter  button  again  until  the 
starting  motor  has  stopped  rotating.  En- 
gaging the  starting  motor  while  rotating 
may  result  in  serious  damage  to  the  en- 
gine or  starting  motor. 

5.  Immediately  after   starting,   observe    the    engine    oil 
pressure  gauge.   If  no  pressure   is   shown   within    10 
to  15  seconds,  stop  the  engine  and  check  the  engine 
lubricating  system. 

6.  Run  the  engine   at  part  throttle   for   5    minutes    for 
proper  warm  up. 

7.  Allow  engine  oil  pressure,  transmission  clutch  pres- 
sure, and  brake  air  pressure  to  stabilize  before  mov- 
ing machine. 

COLD  WEATHER    (-|-50°F.  and  Below) 

1.  Place  speed  range  control  lever  in  neutral   (N-Start) 
position. 

2.  Turn  ignition  key  to  ON  position. 

3.  Set  accelerator  pedal  to  full  fuel  position. 

4.  Pull  the  ether  start  kit  control,  release  and  immedi- 
ately press   the   starter   button    to    start    the    engine. 
Crank    in    30-second    intervals    until    engine    starts. 
Allow    1-    to    2-minute    intervals    between    cranking 
periods  to   prevent  overheating   the   starting   motor. 

NOTE-  The  ether  start  kit  control  is  connected  to  an 
ether  start  kit  mounted  on  a  plate  on  the  back 
of  the  main  hydraulic  tank  in  the  engine  com- 
partment. The  starting  fluid  used  in  this  kit  is 
contained  in  a  disposable  cylinder. 

This  is 

the  safest  and  most  modern  way  to  handle  this 
highly  volatile  fluid. 


The  following  steps   will  assure  good  starting  in   cold 
weather: 

1.  Keep   the   engine   in   good   operating  condition.  The 
highest  possible  compression  pressures  and  tempera- 
tures  demand   good  valve  and  piston  ring  seating. 
Clean  injector  tips  insure  proper  fuel  atomizing  and 
even  combustion. 

2.  Low     temperatures     reduce     battery     output.     Fully 
charged  batteries  deliver  the  greatest  possible  crank- 
ing power. 

3.  Use   clean   diesel    fuel,   No.    1   or  No.   2,  and  drain 
condensed    moisture    from    the   bottom    of    the    fuel 
tank    periodically    to    prevent    fuel    line    freeze-ups. 
Tighten  all  fuel  connections  to  prevent  air  locks. 

4.  Be  cautious  when  using  ether  start  kit.  An  excess  of 
starting    fluid    can    cause    extremely    high    cylinder 
pressures  and  could  result  in  serious  engine  damage 
not  covered  by  the  warranty. 

5.  Make  use  of  any  available  shelter  for  the  machine, 
as   any    shelter    will    improve   starting   conditions   to 
some  degree. 

6.  Use  the  correct  grade  of  engine  oil  recommended  by 
the  engine  manufacturer  for  the  temperature  condi- 
tions expected.  Thinner  oils  take  less  cranking  power 
in  severe  cold. 


WARM  UP  PERIOD 

After  the  engine  has  started  and  is  running  smoothly, 
alllow  it  to  warm  up  to  its  most  efficient  operating  tem- 
perature by  operating  through  a  complete  work  cycle  at 
a  moderate  pace.  While  the  engine  is  warming,  check 
the  following: 

1.   Engine  oil  pressure. 


2.  Ammeter  will  show  a  high  charge  immediately  after 
cranking,  then  gradually  show  decreasing  charge  as 
the  batteries  become  more  fully  charged.  A  continu- 
ous high  charge  rate  is  an  indication  of  an  electrical 
malfunction.  Determine  the  cause  of  the  trouble  and 
make  necessary  corrections. 

3.  Disengage  parking  brake  and  work  at  moderate  pace 
until    required    temperature    and    pressures    are    sta- 
bilized. 

4.  Transmission   clutch    pressure  should   be   240   P.S.I, 
minimum  in  all  speeds  forward  and  reverse. 

5.  When  all  systems  have  reached  operating  pressures 
and  temperatures    (approximately  30  minutes),  stop 
the  machine  and  visually  check  for  external  engine 
oil  leaks,  engine  coolant  leaks,  fuel  line  leaks,  trany 
mission  oil  leaks,  hydraulic  oil  leaks,  and  axle  lubri- 
cant leaks. 


When  the  engine  has  fully  warmed  up,  all  operating 
pressures  and  temperatures  ate  within  requirements, 
and  above  checks  are  made,  the  machine  is  ready  for 
full  operation. 

SHUT-DOWN  PROCEDURE 

When  stopping  the  engine,  speed  must  be  reduced  to 
idle  for  5  minutes  to  allow  the  coolant  and  lubricating 
oil  to  carry  accumulated  heat  away  from  bearings,  com- 
bustion chambers  and  other  moving  parts. 


ENGINE 

Turn  the  ignition  switch  to  the  OFF  position.  This 
actuates  a  solenoid  fuel  shut-off  valve  on  the  fuel  pump, 
stopping  the  flow  of  fuel  to  the  engine. 

TOWING 

If  for  any  reason  the  machine  has  to  be  moved  from 
one  location  to  another,  it  must  be  moved  under  its 

own  power.  If  towing  is  necessary,  the  drive 
train  must  be  disconnected  to  avoid  damage 
to  tne  clutch  pack. 

FORDING  AND  WATER  OPERATION 

(1)  Before  fording  or  water  operation,  close  engine  fording  valve 
(18,  Fig  3)  by  pulling  UP  on  knob.  CHECK  ENGINE  OIL  LEVEL  EVERY 
TWO  (2)  HOURS  WHEN  OPERATING  WITH  VALVE  CLOSED. 

(2)  IMMEDIATELY  AFTER  fording  or  water  operation,  check  all 
differential,  final  drives,  engine  and  hydraulic  systems  for  water 
contamination.  Drain  and  refill  before  resuming  operation  if  water 
is  in  system. 

(3)  After  SALT  WATER  OPERATION,  additional  maintenance  must  be 
performed.  Wash  or  hose  down  entire  machine  with  fresh  water, 
remove  all  wheeld  and  clean  brake  system,  especially  wheel  cylinder 
pistons,  to  remove  salt  water  contamination. 


Place  the  speed  range  control  lever  in  the  first  (1) 
gear  position  and  the  directional  control  lever  in  the 
forward  (F)  position.  Place  the  transmission  range 
lever  (5,  Fig.  3)  in  the  low  position.  Lower  the  fork 
with  the  lift  arm  control  lever.  Use  the  fork  control 
lever  to  position  the  fork  tines  parallel  to  the  ground. 
Drive  the  machine  slowly  forward  to  push  the  fork  tines 
underneath  the  load.  Raise  the  fork  with  the  lift  arm 
control  lever  until  the.  load  is  approximately  14  inches 
above  the  ground.  Pull  the  fork  control  lever  back  a 
little  to  tip  the  fork  and  load  back.  Push  the  lift  arm 
control  lever  to  the  "hold"  position.  Keep  the  load 
low  and  fork  slightly  tipped  back  and  carry  the  load 
to  the  loading  area. 


TRANSPORTING  THE  LOAD 

When  transporting  the  load,  travel  speed  of  the  ma- 
chine will  depend  on  the  length  of  the  haul  and  type 
of  surface  over  which  the  machine  must  travel.  Rough 
terrain  and  sharp  turns  require  fairly  slow  speeds.  Carry 
a  loaded  fork  approximately  14  inches  above  the 
ground.  Never  transport  a  load  with  the  fork  raised 
more  than  half  way.  Hold  the  fork  as  near  to  the 
ground  as  conditions  permit  to  improve  stability  of  the 
machine,  especially  on  slopes  or  when  turning. 


UNLOADING  THE    FORK 

Raise  the  fork  with  the  lift  control  lever  until  it  clears 
the  top  edge  of  the  truck  side  or  unloading  area.  Keep 
the  machine  perpendicular  to  the  truck  side  or  unload- 
ing area,  so  the  load  can  be  unloaded  evenly  inside  the 
unloading  area.  When  the  fork  has  reached  the  proper 
height,  place  the  lift  arm  control  lever  in  the  "hold" 
position  and  push  the  fork  control  lever  forward  to  the 
"dump"  position  slowly  and  gradually.  Do  not  sud- 
denly push  the  fork  control  lever  all  the  way  forward 
—  the  load  may  unload  too  quickly  and  damage  the 
truck  body.  After  the  fork  has  emptied,  pull  the  fork 
control  lever  to  the  "tip  back"  position  and  back  the 
machine  away  from  the  truck  or  unloading  area.  Place 
the  lift  control  lever  in  the  "float"  position  to  lower  the 
fork.  Proceed  back  to  the  loading  area  to  get  another 
load. 


TRAVELING  WITHOUT  A  LOAD 
ON    THE    FORK 

When  moving  the  machine  to  another  job,  the  empty 
fork  should  be  approximately  14  inches  off  the 
ground.  Drive  in  a  high  speed  range  to  the  new  job  site. 
Do  not  drive  the  machine  in  reverse  to  attain  higher 
speed  or  more  steering  control.  The  operator  has  rela- 
tively poor  visibility  over  the  rear  hood  of  the  machine 
and  fast,  continuous  rear  travel  may  cause  the  engine 


from  traveling  backward  neutralizes  the  air  now  from 
the  pusher  fan.  Engine  overheating  may  result. 


SAFETY  LINKS 

LOCATION:  The  safety  links  are  mounted  and  car- 
ried on  each  side  of  the  front  frame  section.  (See  Fig.  4) 
Purpose:  The  safety  links  when  installed  (See  Fig.  5) 
provide  a  means  of  locking  both  frame  sections  sta- 
tionary to  permit  work  to  be  performed  between  the 
frame  sections  without  causing  injury  to  personnel.  The 
safety  links  must  also  be  installed  when  the  unit  is  to  be 
transported  bv  truck  from  one  job  site  to  another. 

Store  safety  links  as  far  forward  on  block 
as  possible  to  prevent  contact  with  rear 
section  of  truck  when  in  turned  position. 


Fig.  4.      Safety  Links  —  Carried  Position 


Fig.  3.     Safety  Links  —  Locked  Position 


ADJUS  9  MtN 1 


0  perator  must  take  certain  responsibilities  for  daily 
duties  of  lubrication  and  adjustment  to  keep  the  ma- 
chine operating  at  its  peak  proficiency. 


Quick  attention  to  certain  indica- 
tions ot  trouble  or  the  proper  adjustment  can  save 
expens've  down  time  and  serious  machine  failures. 


AIR  BRAKE  SYSTEM 
See  Brake  System. 

BATTERIES 

The  batteries  are  located  on  the  left  side  of  the 
machine  to  the  right  of  the  ladder  used  to  enter 
the  operator's  compartment.  Inspect  the  batteries 
daily.  Keep  terminals  and  cables  clean  and  tight, 
and  be  sure  that  distilled  water  is  above  the  plates 
and  separators  in  each  cell.  (See  Fig.  6) . 


Fig.  7.     Fork  Cylinder  Head 


1. 
2. 
3. 
4. 


Piston  Rod 
Rod  Flat 
Capscrews 
Head 


FORK  CYLINDER   HEAD  ADJUSTMENT 

It  is  extremely  important  that  the  fork  cylinder  rods 
have  exactly  the  same  stroke.  The  rods  are  adjusted  by 
loosening  the  socket  bolts  (Fig.  7)  on  the  head  (4) 
and  rotating  the  rod  by  placing  a  wrench  on  the  rod 
flat  (2).  When  adjustment  is  completed,  tighten  the 
bolts  (3)  to  250  Ibs.  ft.  torque. 


Fig.  6.      Battery  Installation 


ENGINE  AND  ACCESSORIES 

For  all  adjustments  on  the  engine  and  accessories,  cor 
suit  Engine  Operation  and  Maintenance. 


LIGHTS 

The  head  lamps  and  rear  work  lamps  are  easily  remove 
from  the  outside  of  the  machine  for  replacement.  Prei 
rubber  cover  from  inside  to  outside.  Lift  out  lamp  an 
replace.  The  tail  and  stop  lamps  are  included  in 
single,  double-filament  bulb.  For  bulb  replacemen 
press  rubber  cover  from  inside  out.  Remove  bulb  an 
replace. 


MAIN  HYDRAULIC  SYSTEM 

For  all  hydraulic  system  adjustments,    refer  to  the  h; 
draulic  system  section. 


PARKING  BRAKE 

When  slack  develops  in  the  parking  brake  linkage,  pe 
form  the  following  adjustments: 


With  the  lever  in  the  "RELEASE"  position,  turn  the 
acorn  cap  on  the  end  of  the  handle  clockwise.  Test 
for  good  pull;  the  handle  is  pulled  up  over  center 
to  the  applied  position.  See  Fig.  8. 

If  adequate  adjustment  cannot  be  obtained  at  the 
parking  brake  lever,  put  brake  lever  in  released 
position  and  back  off  acorn  cap.  Adjust  the  clevis  of 
the  parking  brake  rod  at  the  parking  brake  arm  at  the 
front  of  the  transmission.  (See  clevis  adjustment)  ad- 
just the  brake  lever  as  described  in  step  1.  See  Fig.  9. 


Fig.  8.       Parking  Brake  Lever 


Fig.  9.      Parking  Brake  Clevis 


ROPELLER  SHAFTS 

/hen  installing  propeller  shafts,  make  sure  the  key- 
ays  are  properly  engaged  in  the  mating  yokes;  install 
>ecial  heat-treated  bolts,  and  torque,  to  95  Ibs.  ft. 


Fig.  10.       Ball  Joint  Adjustment 


SHIFT  LEVERS 

It  is  very  important  that  the  shift  levers  on  the  steering 
column  are  properly  aligned  so  the  .position  pointer  in- 
dicates the  correct  position  of  the  control  lever.  The 
direction  control  lever  pointer  should  always  point  to 
neutral  (N)  when  uhe  transmission  is  in  neutral  for  safe- 
ty reasons.  The  speed  control  lever  must  register  so  the 
lever  arm  position  in  the  quadrant  places  the  transmis- 
sion control  valve  plunger  in  a  detent  position  to  prevent 
clutch  slippage.  Position  of  the  shift  levers  can  be  ad- 
justed at  the  ball  joints,  just  below  the  floofboards,  and 
at  the  clevis  at  the  transmission  control  valve  connection. 

See  Fig.   10  and    1  1. 


Fig.  11.      Clevis  Adjustment 


ror  adjustments  or  the  steering  hydraulic  system,  rerer 
to  the  steering  hydraulic  system  section. 


1.     Jam  Nut  2.     Set  Screw 

Fig.  12.      Steering  Stop  Adjustment 


STEERING  STOP  ADJUSTMENT 

Position  machine  on  flat  surface.  Rotate  steering  wheel 
until  front  section  is  parallel  with  rear  section  of  ma- 
chine. Align  front  section  and  rear  sections  using  a 
straight  edge. 

Pitman  arm  should  now  be  in  a  vertical  position. 

Loosen  jam  nuts  ( 1 ) .  Slowly  turn  steering  wheel  sharp 
to  the  right  until  front  section  stops  on  stop  block  on 
rear  frame  section.  CAUTION:  DO  NOT  FORCE 
STEERING  WHEEL  BEYOND  THIS  POINT.  Screw 
front  setscrew  in  or  out  until  pitman  arm  stops  on  head 
of  set  screw.  Tighten  jam  nut  securely. 

Slowly  turn  steering  wheel  sharp  to  the  left  until  front 
section  stopsx  on  stop  block  on  rear  frame  section. 

CAUTION:  DO  NOT  FORCE  STEERING  WHEEL 
BEYOND  THIS  POINT.  Screw  rear  setscrew  in  or  out 
until  pitman  arm  stops  on  head  of  setscrew.  Tighten 
jam  nut  securely. 

With  setscrews  properly  adjusted  and  jam  nuts  secure, 
.  re-check  setting  by  turning  front  frame  section  both 
left  and  right  noting  position  of  pitman  setscrew.  See 
Fig.  12. 

CAUTION:  Overturning  and  allowing  the  front  sec- 
tion to  strike  stop  blocks  hard  will  result 
in  stop  block  damage. 


fenodically  check  steering  stop  blocks  to  insure  c< 
rectness  of  size.  Use  an  accurate  scale  and  measu 
distance  from  frame  to  top  of  both  blocks.  Corr< 
measurement  should  be  one  inch  from  frame  to  top 
block.  Replace  if  necessary.  Readjust  setscrews  wh 
stop  blocks  are  replaced  or  pitman  arm  is  replaced. 


TRANSMISSION  TORQUE  CONVERTER 

Refer  to   the  transmission  or  torque  converter   secti 
for  all  adjustments,  trouble  shooting  .inrl  maintenam 


Fig.  13.       Accelerator  Rod 


VARIOUS  CLEVIS  AND  BALL  JOINT 
ADJUSTMENTS 

Various  clevis  and  ball  joint  adjustments  can  be  ma 
to  position  levers  and  pedals  for  most  convenient  c 
eration.  These  adjustments  are  made  as  follows: 

1.  Loosen  the  jam  nut. 

2.  Remove  cotter  pin  and  clevis  pin  on  clevises.  Remc 
the  mounting  nut  on  ball  joint. 

3.  Turn  clevis  or  ball  joint  to  lengthen  or  shorten  r< 

4.  Lock  the  clevis  or  ball  joint  with  the  jam   nut 
prevent  loosening. 

5.  Reinstall  the  clevis  pin  and  cotter  pin   on   clevis 
Secure  ball  joints  with  the  mounting  nut. 


wneei  nuts  can  cause  oroicen  wneei  stuas,  ana  an  etc 
steering  and  load  distribution.  Tighten  to  500  Ibs.  ft. 
torque,  dry  thread.  This  is  equal  to  150  pounds  of  force 
exerted  at  the  end  of  a  3 '/2-foot  bar  or  200  pounds  of 
force  exerted  at  the  end  of  a  2l/2-foot  bar.  (Fig.  14). 

A  BROKEN  STUD  IS  A  DIRECT  RESULT  OF 
OPERATION  WITH  LOOSE  WHEEL  NUTS. 
WHEN  A  BROKEN  STUD  IS  REPLACED,  THE 
STUD  ON  EACH  SIDE  OF  IT  MUST  BE  RE- 
PLACED ALSO. 

Because  wheel  cap  nuts  tend  to  loosen  when  a  machine 
is  being  transported,  the  following  is  recommended 
upon  receipt  of  delivery. 


obstructions  sucn  as  clotted,  paint,  burrs,  curt,  etc.  tnat 
could  prevent  good  wheel-to-hub  contact. 

Check  the  threads  of  the  studs  at  the  hub  face  for  evi- 
dence of  damage,  cross-threading,  or  dirt. 

Remount  wheel  and  tighten  ball  faces  of  wheel  nuts 
into  countersunk  seats  in  wheel.  Then  tighten  nuts  to 
500  Ib.  ft.  torque  (dry  thread). 

Recheck  tightness  of  the  cap  nuts  after  initial  run-in 
of  1  or  2  hours,  and  each  8  hours  thereafter.  A  check 
for  rim  damage,  tire  damage,  and  a  check  for  broken 
studs  should  also  be  made  at  this  time. 


DO  NOT  MINIMIZE  THE  IMPORTANCE  OF 
WHEEL  MAINTENANCE.  KEEP  MOUNTING 
CLEAN  AND  TIGHT.  THIS  WILL  INCREASE 
TIRE  LIFE  AND  REDUCE  OPERATING  DOWN 
TIME. 

In  this  adjustment  section  we  have  pointed  out  the 
various  adjustments  that  can  be  made  that  will,  in  some 
cases,  prevent  serious  problems  and  costly  down  time. 
Make  it  a  practice  to  make  periodic  checks  for  the  ex- 
ternal leakage  of  engine  oil,  fuel,  engine  coolant,  trans- 
mission oil,  and  axle  lubricant.  Also  check  to  see  that 
sheet  metal  hanger  straps,  mounting  bolts,  bellcranks, 
and  clevises  are  all  tight.  Tighten  hose  clamps,  fittings, 
filler  plugs,  drain  plugs,  loose  bolts,  nuts  or  screws, 
paying  particular  attention  to  the  wheel  nuts,  axle, 
transmission,  engine  mounting  bolts,  hose  connections, 
and  axle  tie  rods.  When  tightening  the  various  bolts, 
use  the  torque  specified  in  the  chart.  (See  Index.) 

Remember  preventive  maintenance  cuts  operation  ex- 
pense and  often  prevents  expensive  delays. 

Fig.  14.      Wheel  Mounting  Nuts 

INSTRUCTION  PLATES  AND  DECALS 

Some  instruction  plates  and  decals  are  attached  with  adhesive  and  may  come  loose. 
It  is  recommended  that  plates  and  decals  so  loosened  be  attached  with  self -tapping 
screws  except  on  oil  filters-  and  like  items  where  holes  may  not  be  drilled. 


ance  these  niters  must  be  cleaned 

or  replaced  at  regular  intervals  to  insure  a  long  com- 
ponent life.  The  change  periods  listed  below  are  for 
average  conditions. 

REMEMBER 

Oil  filter  elements,  replaced  or  cleaned  as  directed, 
mean  a  long  machine  life,  minimum  down  time,  and  a 
saving  of  repair  expense. 


ENGINE  FUEL  FILTERS 

The  fuel  filter  and  fuel  strainer  are  mounted  on  the 
engine  in  the  engine  compartment.  One-quarter  pint  of 
fuel  should  be  drained  daily  from  each  to  remove  dirt 
and  water  accumulations.  Drain  cocks  are  provided  at 
the  base  of  each  for  this  purpose.  Install  replaceable 
elements  as  directed  in  the  Engine  Maintenance  Part* 
Detailed  changing  instructions  are  provided. 


ENGINE  LUBE  OIL  FILTER 

Change  the  replaceable  type  filter  element  with  each 
engine  oil  change.  Detailed  changing  instructions  are 
provided  in  the  Engine  Maintenance  instructions 


MAIN  HYDRAULIC  SYSTEM  FILTER 

This  filter  is  located  in  the  hydraulic  oil  reservoir  be- 
hind the  operator's  compartment.  It  may  be  removed 
for  cleaning  by  reaching  in  the  clean-out  hole  on  top 
of  reservoir  and  turning  it  from  inlet  connection. 

To    clean    the 

MONEL  element,  swish  in  a  non-inflammable  cleaning 
solvent  or  use  soft  brush.  Shake  off  excess  solvent 
and  blow  away  from  inside  out  with  compressed  air. 
Inspect  filter  in  a  bright  light  to  insure  it  is  free 
from  foreign  material. 

The  filter  element  may  be  taken  apart  to  facilitate  a 
more  thorough  cleaning  if  necessary.  Loosen  and  re- 
move center  bolt  nut.  Lift  off  top  nut,  cover  and  cover 
gasket.  Separate  centering  tube  from  wire  cloth  insert. 
Reclean  all  parts  in  a  non-inflammable  cleaning  solvent 
using  a  soft  brush  to  remove  all  particles  which  cling 
to  the  parts.  Inspect  all  parts  for  damage.  Replace  if 
necessary.  Reassemble  filter  and  install  in  reservoir. 

The  filter  should  be  removed  and  cleaned  the  first  50 
hours  of  operation  and  each  500  hours  thereafter,  or 
when  any  major  overhaul  to  the  cylinders,  pump,  or 
valve  is  performed.  This  is  necessary  or  pump  failures 
may  result  due  to  cavitations. 

.  Let  oil  cool  before  servicing.  When  clean 
ing  bottom  of  reservoir,  do  not  force  dirt  into  suction 
lines. 


cieaneo.  aner  eacii  o  nours  01  upcrauou.  IXCHIUVC 
top  of  filter  body  and  filtering  fibre.  Swish  in 
clean  non-inflammable  solvent,  shake  off  excess,  and 
blow  away  from  inside  out  gently  with  compressed  air. 
Replace  fibre  in  filter  body;  reinstall  cap. 


TRANSMISSION  HYDRAULIC  SYSTEM 
BREATHER 

Breather  is  located  behind  the  operator's  compart- 
ment on  the  main  hydraulic  tank.  Service  after  8 
hours  of  operation.  Swish  in  clean  non-inflam- 
mable solvent,  shake  off  excess,  and  blow  away 
from  the  inside  out  with  compressed  air. 

NOTE:  Before  attempting  to  replace  or  clean  any 
filters,  breathers,  or  drain  plugs,  the  entire 
surrounding  area  must  be  wiped  clean  of 
grease  or  any  foreign  material.  In  servicing 
these  systems,  cleanliness  is  of  the  utmost  im- 
portance. 


WARNING:       Do   not    use  gasoline  or  any 

other  volatile  solvent  such  as  naptha,  benzene, 
etc.,  for  cleaning.  Less  flammable  fluids,  such 
as  kerosene  or  mineral  spirits,  must  be  used. 

Lubrication  is  the  most  essential  part  of  preventive 
maintenance.  Different  lubricants  are  required  for  dif- 
ferent purposes.  Complete  lubrication  at  recommended 
intervals  is  a  good  insurance  against  costly  breakdowns. 
Refer  to  the  lubrication  chart  to  locate  the  various 
points  to  be  serviced.  Before  any  servicing  is  performed, 
always  wipe  clean  the  grease  fittings,  plugs,  or  covers 
to  prevent  dirt  or  foreign  material  from  entering. 

Be  sure  the  machine  is  setting  level  with  the  complete 
bottom  of  fork  tines  resting  flat  on  the  ground  and 
THE  ENGINE  SHUT  OFF. 


STEERING  HYDRAULIC  SYSTEM  FILTER 

The  steering  hydraulic  filter  is  mounted  between  the 
pressure  return  hose  and  the  reservoir  on  the  left  rear 
of  the  main  hydraulic  reservoir.  It  has  a  check  valve 
in  the  outlet  line.  The  filter  should  be  serviced  after 
the  first  50  hours  of  operation  and  each  200  hours 
thereafter,  or  when  any  major  overhaul  to  the  cylinders 
or  steering  pump  is  performed.  Remove  plug  to  drain; 
remove  bolt  and  body.  Remove  element  from  body.  Re- 
place filter  element; 


TRANSMISSION  HYDRAULIC  SYSTEM 
FILTER  AND  STRAINER 

The  system  filter  is  located  in  the  return  oil  line  to  the 
transmission  on  the  right  side  of  the  machine.  Service 
from  engine  compartment.  Remove  bolt  to  remove  body 
with  element.  Clean  shell;  replace  head  gasket  and 
element.  Turn  bolt  into  head.  Torque  center  bolt  to 
30  Ibs.  ft.  torque.  Replace  filter  element  after  the  first 
200  hours  of  operation  and  each  500  hours  thereafter 
when  changing  oil. 

Under  dirty  condi- 
tions, the  filter  element  should  be  replaced  and  cleaned 
more  often. 

BREATHERS 

Breathers  are  instiled  for  various  components  at  the 
back  of  the  main  hydraulic  tank  to  relieve  any 
pressure  that  is  built  up  by  the  heat  generated  in 
the  lubricant  through  the  operation  of  the  machine. 
Service  on  these  breathers  is  necessary  and  should  be 
adhered  to  strictly.  Failure  to  do  this  can  result  in  seal 
and  bearing  failures. 


AXLE  HOUSING  BREATHERS 

Breathers  should  be  kept  free  of  foreign  material. 


Magnetic  drain  plugs  are  installed  in  the  planetary 
hubs  of  each  axle.  These  plugs  perform  the  vital  func- 
tion of  trapping  small  metallic  particles  that  circulate 
in  the  lubricant  through  the  gears  and  bearings,  causing 
rapid  wear  and  premature  failure.  Clean  these  plugs 
when  changing  lubricant. 


WASHING  INSTRUCTIONS 

At  the  end  of  the  work  period,  the  machine  should  be 
thoroughly  washed.  Hose  or  wash  away,  with  brush  or 
rags  if  necessary  any  dirt  and  especially  all  salt  that 
has  adhered  to  machine.  Inspect  machine  for  sticks  or 
any  debris  that  has  become  entangled  in  hoses,  electrical 
wiring,  mechanical  linkage  or  joints. 


SERVICE  EVERY  8  HOURS  OF  OPERATION 

ALL  GREASE  FITTINGS 

Refer  to  Lube  Chart. 

USE  MULTIPURPOSE  GREASE 

AIR  CLEANER 

Check  every  8  hours  or  more  often  as  required.  This 
is  very  important.  Excessive  exhaust  smoke  and  loss  of 
power  can  be  caused  by  a  dirty  air  cleaner.  Squeeze 
bladder  vacuator  and  hold  until  all  dust  drops  out. 
See  200-Hours  service. 

AIR  RESERVOIR 
See-  Brake  System. 

BATTERIES 

Keep  terminals  clean  and  tight.  Keep  fluid  level  above 

plates  and  separators.  Use  only  clean  distilled  water. 

ENGINE  AND  ACCESSORIES 

Refer  to  engine  operation  and  mainte- 

nance for   instructions  on  lubrication,   mainte- 

nance of  engine  and  accessories,  and  choice  of  engine 
oil. 

FUEL 

Fill  fuel  tank  with  clean  oil.  Refer  to  engine  manufac- 
turer's operation  maintenance  manual  for  choice  of  fuel 
oil.  See  50-Hour  Service.  See  capacity  section. 

MAIN  AND  STEERING  HYDRAULIC  SYSTEM 
Check  level  each  8  hours  by  unscrewing  dipstick  at  top 
of  reservoir.  If  level  is  low,  bring  up  to  full  mark.  Add 
only  clean  make-up  oil  through  dipstick  opening.  For 
temperatures  above  0°F.,  use  SAE-10W  oil  with  anti- 
foam  characteristics,  for  operation  in  temperatures 
below  0°F.  to  -25°F.;  use  type  "A,"  suffix  "A"  auto- 
matic  transmission  fluid.  DO  NOT  MIX  OILS.  The 
original  oil  must  be  drained  at  500  hours. 

PILLOW  BLOCK 

The  pillow  block  is  located  immediately  to  the  front  of 
the  main  pivots.  Lubricate  with  a  hand  grease  gun  at 
the  fitting  on  top  of  the  pillow  block.  Grease  should  be 
pumped  in  until  it  appears  in  a  fair  quantity  at  the 
pressure  relief  orifice  on  top  of  the  fitting.  The  pillow 
block  bearings  are  not  properly  lubricated  until  the  new 
grease  is  seeping  out  of  the  relief  orifice.  Use  MULTI- 
PURPOSE GREASE  SPARINGLY.  See  overhaul  of 
pillow  block. 


RADIATOR 

Check  coolant  level  each  8  hours;  refill  as  required 
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TRANSMISSION  HYDRAULIC  SYSTEM 

Check  oil  level  each  8  hours.  Refer  to  Transmissioi 
and  Torque  Converter  Section  for  detailed  instructions 
If  level  is  low,  bring  up  to  full  with  clean  make-up  oil 
Fill  plug  is  located  at  right  sump.  Use  type  "A"  suffix  / 
AUTOMATIC  TRANSMISSION  FLUID.  The  orig 
inal  oil  must  be  drained  at  500  hours.  See  500-Hour 


WHEEL  NUTS 

See  Adjustment  Section. 

SERVICE  EACH  50  HOURS  OF  OPERATION 

AXLES 

Check  lubricant  level  each  50  hours  and  keep  level  uj 
to  bottom  of  level  hole.  To  check  the  hypoid  differen 
tial  and  the  planetary  hubs,  the  machine  should  be  rui 
first,  then  allowed  to  stand  on  level  ground.  After 
5-minute  interval,  which  allows  the  lubricant  to  settl 
to  its  level,  proceed  as  follows: 

Remove  oil  filler  plug  in  rear  of  housing  bowl  of  eacl 
axle  for  inspection.  If  lubricant  level  is  below  botton 
opening  of  the  filler  hole,  add  necessary  lubricant.  Re 
install  plug.  For  planetary  hubs  (4  points)  rotate  whet- 
until  oil  level  mark  in  wheel  and  thrust  cap  is  paralle 
with  ground.  Remove  level  plug;  if  lubricant  level  i 
below  opening,  add  necessary  lubricant.  Re-install  plug 
DO  NOT  OVERFILL— SEE  LUBE  ORDER  FOI 
LEVEL  PLUGS.  Use  Multi-purpose  gear  lute  (AP 
service  GL-4,  CRS-10  level  grade  or  better),  SAE-9C 
or  Rockwell-Standard  specification  0-64,  Grade  90  vis 
cosity.  DO  NOT  ADD  DIFFERENT  TYPE  OF  LU 
BRICANT.  The  original  lubricant  must  be  drained  a 
300  hours  of  operation.  See  1000-hour  service. 

FUEL  TANK 

Open  drain  valve  to  remove  accumulated  water  an< 
sediment. 

POWER  CLUSTER 

Check  level  of  brake  fluid  in  each  power  cluster  ever; 
50  hours  of  operation.  If  necessary,  add  brake  fluid  t< 
within  l/z  to  3/8  inch.  Change  fluid  if  it  is  materiall; 
darker  in  color  than  new  fluid,  if  it  is  watery  in  con 
sistency,  if  it  is  comparatively  odorless,  or  if  it  fails  t< 
provide  a  thin  lubricating  film  when  rubbed  betweei 
fingers.  Use  super  heavy  duty  brake  fluid,  SAE  70  R-3 
CAUTION:  Never  add  mineral  base  oils  to  the  brak. 
hydraulic  system.  This  will  cause  rapic 
deterioration  of  rubber  parts  in  the  system 

PROPELLER  SHAFTS 

There  are  three  propeller  shahs,  from  torque  converte 
to  transmission,  from  transmission  to  rear  axle,  fron 
pillow  block  to  front  axle.  Each  shaft  has  3  points  o 
lubrication,  one  on  each  spider  and  bearing  assmibl' 
and  one  on  the  slip  yoke  assembly  (total  9  points).  USF 
A  HAND  GUN  AND  APPLY  MUI.TI-PURPOSI 
GREASE  SPARINGLY. 


pider  and  bearing  assembly.  USE  A  HAND 
SUN  AND  APPLY  MULTI-PURPOSE  GREASE 
1PARINGLY.  See  overhaul  of  tall  slip  joint. 

SERVICE  EACH  200  HOURS  OF  OPERATION 

MR  CLEANER 

Service  the  air  cleaner  every  200  hours. 

Jemove  vacuator  and  rear  cover.  Dump  out  dust  and 
e-install.  Remove  front  cover.  Lift  out  element;  clean 
fith  compressed  air  (do  not  exceed  iOO  psi)  from  the 
lean  air  side  or  wash  in  filter  cleaner  solution.  An  even 
iright  pattern  of  light  through  the  element,  when  a 
ight  is  held  inside  will  indicate  element  is  thoroughly 
lean. 

.nstall  element  and  cup.  See   1000-Hour  service. 

ZAUTION:  Always  cover  engine  intake  pipe  while  air 
cleaner  is  being  serviced.  DO  NOT  PUT 
OIL  IN  CUP. 

STEERING  HYDRAULIC  SYSTEM 
RETURN  FILTER 

'See  Filter  Section) 

SERVICE  EACH  500  HOURS  OF  OPERATION 

rfAIN  HYDRAULIC  SYSTEM  FILTER 
See  Filter  Section) 

PRANSMISSION  HYDRAULIC  SYSTEM 
Change  oil  each  500  hours.  See  Filter  Section. 

icfer  to  transmission  and  torque  converter  sections  of 
his  manual  for  detail  changing  instructions. 

:ill  plug  located  at  right  oil  sump.  See  capacity  section. 

Jst  type  "A"  SUFFIX  A  AUTOMATIC  TRANS- 
MISSION FLUID. 

SERVICE  EACH  1000  HOURS  OF  OPERATION 

\XLES 

Drain  lubricant  in  each  hypoid  differential  (2  points) 
md  planetary  hubs  (4  points)  each  1000  hours.  Drain- 
ng  is  best  accomplished  immediately  after  machine  has 
>een  operated.  The  lubricant  is  then  warm  and  will  flow 
rcely,  allowing  full  drainage  in  minimum  time.  To 
Irain  differential,  unscrew  plug  at  bottom  of  housing 
lowl.  To  fill,  reinstall  bottom  plug,  remove  rear  filler 
jlug,  and  fill  until  lubricant  seeps  out  opening.  Reinstall 
slug,  To  drain  planetary  hubs,  rotate  wheel  until  drain 
lole  plug  is  at  the  bottom  of  axle.  Remove  plug  and 
tllow  ample  time  for  the  old  oil  to  run  out;  reinstall 
jlug.  To  fill,  rotate  wheel  until  oil  level  mark  on  end 
:ap  is  parallel  with  ground.  Remove  level  plug  and  fill 
mtil  lubricant  seeps  out  opening.  Reinstall  plug.  DO 
^JOT  OVERFILL— SEE  LUBE  ORDER  FOR  LEVEL 
>LUGS. 

JNDER  NO  CONDITION  SHOULD  MACHINE 
5E  MOVED  WITH  NO  LUBRICANT  IN  AXLES. 
Jse  Multi-purpose  Gear  Lube  (API  Services  GL-4, 


AIK  LILhAINtK. 

Replace  element  after  every  1000  hours  of  operation. 
Inspect  tubes  in  bright  light.  Dust  deposits  may  be  re- 
moved with  stiff  fiber  brush.  Before  reassembly,  inspect 
outside  case  for  cracks  and  see  that  all  connections  are 
tight.  Inspect  all  gaskets  for  damage. 

CAUTION:  Always  cover  engine  intake  pipe  while  air 
cleaner  is  being  serviced.  Keep  spare  parts 
on  hand  to  insure  a  minimum  of  down 
time. 

SERVICE  EACH  3000  HOURS  OF  OPERATION 

STEERING  AND  MAIN  HYDRAULIC  SYSTEM 

Oil  should  be  changed  each  3000  hours,  or  when  any 
major  overhaul  to  the  cylinders,  pump  or  valve  is  per- 
formed. When  operating  under  severe  dusty  or  dirty 
conditions,  this  system  should  be  cleaned  and  refilled 
more  often  to  prevent  excessive  wear  or  premature  fail- 
ure of  component  parts. 

Drain  and  refill  system  as  follows: 

Draining  should  be  accomplished  after  operating  ma- 
chine, while  oil  is  still  warm.  Warm  oil  flows  more  freely 
and  carries  more  dirt  and  sludge  with  it.  Attach  1-inch 
pipe  thread  hose  from  brass  drain  valve  to  suitable 
container  to  keep  machine  free  of  spilled  oil.  Open 
drain  valve. 

Remove  cover  and  breather  from  top  of  reservoir.  Clean 
breather.  See  Filter  and  Breather  section. 

Remove  MONEL  filter  element  and  clean  thoroughly; 
reinstall.  See  Filter  and  Breather  section. 

After  oil  has  stopped  draining,  clean  all  dirt  and  sludge 
from  bottom  of  reservoir,  being  careful  not  to  force 
dirt  into  suction  lines.  Refill  reservoir  nearly  to  tap  with 
clean  hydraulic  oil.  Reinstall  cover  and  breather,  replace 
gasket,  and  tighten  bolts  evenly.  Check  to  see  that  con- 
trols (lift  arms  and  fork)  are  in  neutral  position;  then 
start  engine.  Idle  for  a  few  minutes.  Operate  machine  by 
raising,  lowering,  and  dumping  the  fork  until  oil 
ceases  to  foam.  This  will  "bleed"  system,  forc- 
ing trapped  air  to  escape  through  reservoir  breather. 
After  oil  has  ceased  to  aerate,  add  oil  through  dip  stick 
opening  to  bring  level  to  full  mark. 

Check  all  connections  for  leaks.  NEVER  USE  ANY 
FLUSHING  OIL,  COMPOUNDS,  or  SOLVENTS 
FOR  CLEANING  THIS  SYSTEM. 

For  operation  in  temperatures  above  0°F.,  refill  with 
SAE  10  oil  with  anti-foam  characteristics.  For  operation 
in  temperatures  below  0°  F.  to  —  25 °F.,  refill  with  Type 
"A"  SUFFIX-"A"  AUTOMATIC  TRANSMISSION 
FLUID.  DO  NOT  MIX  OILS.  See  Capacity  section. 

STEERING  GEAR 

Lubricate  when  overhauled  or  at  3000-hour  interval. 
Use  MULTI-PURPOSE  GREASE.  Capacity  of  over- 
haul gear  is  1  J/z  pounds  of  grease. 


The  attached  welding  procedure  has  been  written  to 
permit  the  average  welder  to  repair  or  replace  a  part 
or  parts  which  necessitates  the  requirements  for  weld- 
ing. 

We  do  not  use  nor  do  we  recommend  welding  by  the 
metal  inert  gas  (MIG)  process  for  field  or  snop'reparr 
or  replacement. 

The  3000M  machine  has  been  constructed  with  various 
types  of  steel.  One  of  these  steels  is  known  as  "high 
strength  constructional  steel."  This  is  defined  as 
"ASTM  A-441." 


ASTM  A-441  steel  is  located  in  the  following  areas  o 
the  machine  proper:  No.  1,  Rear  Frame  Pivot  Section 
No.  2,  the  Front  Frame  Pivot  Section  and  No.  3,  Sid 
Plates  of  both  Lift  Arms. 

Figure  A  shows  the  exact  location  of  this  steel  in  reU 
tion  to  the  machine  as  a  whole. 

We  recommend  all  welding  pertaining  to  the  repair  o 
this  unit,  be  done  with  A.W.S.  E-7018  electrodes. 

Military  Specification:  MIL-E-22200/1,  MIL  701 
ASME:  F-4,  A-l  AWS  A5.1-64T,  ASTM  A233-641 


1.     Rear  Pivot 

1 

1 

2.     Front  Pivot 

3 

3.     Lift  Arms 

Fig.  A 


PROTECTIVE   EQUIPMENT 


HEAD    SHIELD 

To  protect  the  operator's  face  and  eyes  from  the  direct 
rays  of  the  arc,  it  is  essential  that  a  head  shield  be  worn. 
The  head  shield  is  constructed  with  a  head  band.  Con- 
nected to  the  band  is  a  front  shield  containing  a  small 
glass  window  to  absorb  the  infrared  rays,  ultra  violet 
rays,  and  visible  rays  eminating  from  the  arc. 

Special  goggles  should  be  worn  by  those  working  close 
to  the  welding  arc  to  protect  their  eyes  from  occasional 
flashes. 

GLOVES,   APRONS   AND   OTHER   CLOTHING 

Operators  and  helpers  should  wear  protective  gloves, 
aprons  and  sleeve  protectors  to  guard  against  sparks, 
globules  of  molten  metal  which  are  present  in  the  weld- 
ing area.  This  clothing  should  be  composed  of  flexible 
woven  asbestos  and  a  nre-resistant  material. 


ELECTRODES,   TYPE    A.W.S.-E7018 

Electrodes  exposed  to  damp  atmospheric  temperature 
pick  up  moisture,  which  when  excessive  will  render  ther 
unfit  for  use. 

Electrodes  should  be  stored  as  received  in  sealed  con 
tainers  at  70°  to  1 10°F.  After  containers  have  been  open 
ed,  the  electrodes  should  be  stored  in  an  oven  at  350 
to  450'F. 

Electrodes  which  have  been  contaminated  by  moistur 
should  be  heated  in  a  controlled  oven  to  a  temperatur 
of  180°F.  Hold  this  temperature  for  a  period  of  on 
hour.  Raise  temperature  to  600°F.  and  hold  for  30  t 
60  minutes.  Visually  inspect  electrodes  for  cracks  an 
broken  coating.  Discard  if  necessary.  Restore  electrode 
at  350°  to  450°F. 


Remove  all  foreign  matter  such  as  paint,  oil,  grease  and 
dirt  from  area  to  be  repaired.  This  is  essential  to  insure 
correct  fusion  of  the  two  metals  during  welding. 

Remove  the  old  weld  bea  d  from  the  area  to  be  rewelded 
or  repaired. 

This  may  be  accomplished  by  one  of  two  methods  or 
a  combination  of  both,  whichever  is  suitable  to  the 
person  performing  the  work. 

GRINDING  METHOD 

Position  the  grinding  wheel  so  the  edge  of  the  wheel 
comes  in  contact  with  the  area  to  be  cleaned.  Apply 
pressure  and  remove  the  old  weld.  Depending  on  the 
area  to  be  cleaned,  it  may  be  necessary  to  use  a  disc 
grinder  to  finish  dressing  the  surface. 

The  depth  of  the  grinding  depends  on  the  amount  of 
weld  which  is  present  in  the  area  to  be  repaired.  This 
depth  when  finished,  should  be  down  to  parent  metal 
to  form  a  good  base  for  the  new  weld. 

Joining  a  new  weld  to  an  old  weld  presents  no  problem 
when  the  old  weld  is  considered  to  be  parent  metal  and 
is  cleaned  in  the  same  manner  as  the  original  pieces 
welded  together. 

An  example  of  this  is  as  follows:  We  have  two  pieces 
of  metal  held  together  with  a  bead  of  weld  ten  inches 
long.  The  weld  cracks  and  is  three  inches  long.  The 
old  weld  should  be  removed  from  the  entire  length  of 
the  crack  and  beyond  the  crack  to  insure  this  defect  has 
been  completely  removed.  It  is  not  necessary  to  remove 
the  complete  ten  inch  weld.  (See  Fig.  B)  . 

SCARFING  METHOD 

Scarfing  is  a  means  of  using  a  carbon  arc  or  flame  torch 
to  melt  and  remove  the  old  weld  from  the  area  to  be 
repaired. 


This  method  also  requites  using  a  power  grinder  to  re- 
move beads  of  cooled  metal  and  slag  from  the  reweld 
area. 

Beveling  old  work  prior  to  rewelding  is  not  necessary 
since  removing  the  old  weld  will  automatically  include 
a  grinding  chamfer. 

Replacement  steel  should  be  chamfered  prior  to  weld- 
ing within  \0r/o  of  expected  bead  width  and  only  as 
deep  as  required  to  eliminate  unnecessary  build-up. 


1.  Lift  Arm 

2.  Crack 

3.  Crossmember 


Fig.  B 


REPAIR  WELDING 


Repair  welding  is  different  than  actual  new  machine 
fabrication  welding. 

Many  factors  such  as  material  preparation,  material 
positioning,  the  use  of  jigs  and  fixtures  and  many  others 
govern  original  machine  fabrication  welding  versus  ac- 
tual field  repair  welding. 

After  following  the  procedures  outlined  in  the  "Mater- 
ial Preparation"  portion  of  this  section,  the  following 
welding  instructions  should  be  followed: 

TEMPERATURES 

Welding  repairs  to  the  machine  may  be  done  at  any 
ambient  temperature,  as  long  as  the  following  informa- 
tion is  adhered  to. 


No  welding  should  be  done  when  the  temperature  of 
the  base  metal  is  lower  than  0°F.  The  base  metal  should 
be  heated  to  at  least  70°F.  adjacent  to  the  weld  area. 

The  area  adjacent  to  the  pivot  race  located  on  the  pivot 
crossmember  is  the  only  area  which  requires  special 
temperature  control.  (See  Repair  of  Pivot  Section) . 

There  is  no  need  to  control  interpass  temperature  since 
the  heat  incurred  by  the  first  pass  is  sufficient  to  heat 
the  base  metal  for  the  second  pass.  This  is  also  govern- 
ed by  the  time  elapsed  by  the  operator  between  welds. 

Voltage  Required:     See  Chart  Fig.  C. 
Amperage  Required:      See  Chart  Fig.  C. 


Size 

Volts 

Range 

Optimum 

Vertical 

Overhead 

3/32" 

21-24 

70-110 

100 

70-100 

70-110 

1/8" 

21-24 

90-160 

140 

90-135 

90-  1  60 

5/32" 

22-25 

130-220 

170 

110-160 

130-200 

3/16" 

23-26 

200-300 

250 

150-220 

200-275 

7/32" 

23-26 

250-350 

300 

— 

_. 

1/4" 

24-27 

300-400 

350 

..._ 

— 

FiB. 


TACK  WELDING 

Tack  welding  is  used  to  join  two  loose  pieces  of  metal 
prior  to  finish  welding.  Should  the  piece  require  weld- 
ing on  both  top  and  bottom  sides,  both  sides  have  to 
be  tacked. 

Adding  a  new  section  of  metal  to  a  stationary  section 
requires  tacking  both  ends  of  the  new  piece  to  the  ex- 
isting piece.  Center  tack  welding  is  also  necessary  and 
depends  on  the  length  between  the  end  tack  welds. 

Tack  welding  is  not  required  in  repair  work  where  both 


ends  fit    the  wor1 


in   position 


by  an 


weld. 


1.     Boss 


2.     Tack  Weld 


3.     Lift  Arm 


The  following  is  an  example  to  tack  weld  the  lilt  am 
pivot  boss  in  position.  The  welds  have  broken  loosi 
on  both  sides  of  the  arm.  Both  the  boss  and  arm  hav< 
been  cleaned  to  remove  the  old  weld.  The  boss  ha; 
been  aligned  with  its  corresponding  boss  on  the  oppo 
site  lift  arm  and  you  arc  now  ready  to  tack  weld  it 
position.  See  Fig.  D. 

Using  the  chart  in  Fig.  C,  set  the  welding  machine  tc 
the  correct  voltage  and  amperes  required.  Position  th. 
electrode  in  position  and  drop  your  head  shield.  Striki 
an  arc  and  run  a  bead  about  '/>  inch  long  on  top  anc 
on  the  bottom  of  the  boss  joining  the  boss  to  the  lif 
arm.  Tack  weld  tin-  opposite  side  in  the  same  manner 


rorei-t    w 


ill 


Fig.  D 


Remove  the  slag  from  the  tack  welil  and 
the  finish   welding. 

MAIN  PIVOT  REPAIR 

The  main  pivot  area  may  be  repaired  or  replaced  whe: 
necessary.  It  requires  no  special  welding  instruction 
except  a  special  temperature  control  is  necessary. 

The  area  adjacent  to  the  outer  race  should  not  be  heai 
ed  above  a  temperature  of  400°F.  This  may  be  dt 
termined  by  using  a  400°F.  tempilstick. 

Mark  the  entire  circumference  of  the  outer  bearin 
race  with  the  tempilstick,  both  top  and  bottom  if  bot 
sides  are  to  be  repaired.  When  the  mark  melts,  th 
specified  temperature  (400°F.)  has  been  reached.  A 
low  the  workpiece  to  cool  sufficiently  and  remark  th 
outer  race  before  more  welding  is  done.  See  Pig.  t 

After  completing  the  repair,  the  outer  surfaces  of  th 
metal  should  be  ground  with  a  disc  grinder  and  painte< 


I 


1    2 

Crossmember 


3. 


2.     Outer    Circumference 
Race 


Fig.  E 

WELDING  BOTH  SIDES 

After  completion  of  welding  the  first  side,  see  Fig.  F, 
the  second  side  or  bottom  of  the  metal  should  be  ground 
up  into  the  first  weld  as  illustrated  in  Fig.  F.  This  will 
insure  correct  fusion  of  second  weld  to  first  weld. 


1.     Lift  Arm 


2. 


Fig.  G 
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I.     Base  Metal                                           2.      First  Weld 

3.      Grind   Depth 

Fig.  F 

LIFT    ARM    REPAIR 

Fig.  G  shows  a  crack  in  the  side  of  the  lift  arm  and 
across  the  top  about  !4  inch.  Grind  out  the  complete 
crack  going  beyond  the  crack  into  parent  metal. 
The  depth  of  the  grind,  the  position  of  the  arm  and 
the  electrode  size  will  determine  how  the  operator  will 
repair  this  section. 


GROUNDING 

Place  the  ground  clamp  as  close  to  the  area  to  be  weld- 
ed as  possible.  This  is  necessary  for  two  reasons. 

No.  1 — You  get  a  better  weld  deposit  due  to  the  lack 
of  electrical  resistance  between  the  electrode 
and  the  ground  clamp. 

No.   2 — It   is   very   possible  to  pit  bearings  and    cause 

premature    failures   in   the   bearing  and     cone. 

Scoring   of   the   hydraulic  cylinder  tubes   caus- 
ing packing  failure. 

An  example  of  correct  grounding  to  prevent  the  weld- 
ing current  from  arcing  is  as  follows: 

The  area  to  be  welded  is  the  lifting  arm.  The  ground 
clamp  should  be  placed  on  the  lifting  arm  that  is  to  be 
welded.  "Do  Not  Ground  On  the  Ladder  Attached  To 
the  Rear  Frame." 
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MAIN  HYDRAULIC  SYSTEM 

The  main  hydraulic  system  consists  of  a.  reservoir  with 
an  integral  filter,  main  hydraulic  pump  mounted  on  the 
torque  converter,  main  control  valve,  two  double  acting 
lift  and  fork  control  cyinders,  and  the  connecting 
hoses  and  fittings.  The  main  control  valve  is  mounted 
on  the  front  of  the  reservoir  and  to  the  right  of  the 
operator.  It  incorporates  three  relief  valves  and  two  void 
control  valves.  A  breather  is  installed,  in  the  cover  of 
the  hydraulic  reservoir  with  a  check  valve  mounted 
under  the  breather. 

The  main  hydraulic  system  uses  OE-10   Motor    Oil, 

STEERING  HYDRAULIC  SYSTEM 

The  steering  hydraulic  system  is  supplied  from  the  same 
hydraulic  reservoir  that  supplies  the  main  hydraulic 
system.  It  consists  of  a  steering  pump  mounted  on  the 
torque  converter,  a  steering  demand  valve  mounted 
under  the  reservoir,  two  steering  cylinders  mounted  be- 


in  the  front  frame  section,  an  external  filter,  connecting 
hoses  and  fittings.  The  steering  system  uses  OE— 10 

motor  oil. 

TRANSMISSION  HYDRAULIC  SYSTEM 

The  transmission  hydraulic  system  consists  of  an  oil 
supply  in  the  transmission  sump,  a  charging  pump  and 
a  pressure  regulating  valve  both  mounted  on  the  torque 
converter,  a  control  valve  mounted  on  the  transmission, 
an  oil  cooler  integral  with  the  radiator,  and  the  connect- 
ing hoses  and  fittings.  The  transmission  hydraulic  system 

uses  OE-10  motor  oil. 

Any  hydraulic  system  requires  regular  attention  regard- 
less of  design.  The  Trojan  hydraulic  systems  contain 
the  most  modern  components  present  day  engineering 
and  manufacturing  can  provide.  As  these  systems  are 
the  heart  of  your  machine,  a  thorough  preventive  main- 
tenance program,  as  outlined  in  the  lubrication  and 
service  section  of  this  manual,  is  of  paramount  impor- 
tance. 


MAIN   HYDRAULIC  SYSTEM 


SERVICE    AND    REPAIR 

There  may  be  occasions  when  the  main  hydraulic  system 
will  not  function  properly.  This  is  usually  due  to  a  low 
hydraulic  oil  level  or  to  dirt  or  foreign  matter  in  the 
system.  In  general,  this  will  be  indicated  by  extremely 
sluggish  cylinder  action;  in  some  cases  a  cylinder  will 
be  completely  inoperative,  especially  wh.cn  the  engine 
is  idling.  When  this  trouble  occurs,  a  careful  inspection 
should  be  made  of  all  external  hose  connections  and 
hoses  for  leakage.  Check  the  oil  level  in  the  hydraulic 
reservoir  with  the  dip  stick.  If  the  level  is  low,  fill  the 
reservoir  as  directed  in  the  Lubrication  section.  If  evi- 
dence of  leakage  is  found,  replace  the  defective  part  or 
tighten  a  loose  connection.  Take  care  not  to  over-tighten 
connections  since  this  may  damage  the  "O"  ring  seal 
and  increase  leakage.  If  inspection  does  not  reveal  an 
obvious  cause  of  the  trouble  or  if  the  correction  of  ob- 
vious troubles  found  does  not  correct  the  system  trouble, 
it  may  be  necessary  to  disassemble  the  individual  units 
of  the  system.  To  isolate  the  trouble  to  the  unit  at  fault, 
proceed  as  directed  in  the  Trouble  Shooting  section. 


TROUBLE  SHOOTING 

Disconnect  a  hose  at  the  rear  of  one  of  the  lift  cylinders, 
operate  the  lift  arm  control  lever,  and  observe  the  flow 
of  oil  from  the  open  hose  and  cylinder  opening. 

NOTE:  Always  provide  a  container  of  sufficient  size 
to  catch  the  flow  of  hydraulic  oil.  Do  not 
reuse  oil  collected.  Fill  the  reservoir  with 
fresh  clean  oil. 

If  the  flow  volume  of  the  oil  is  small,  either  the  pump, 
control  valve,  lift  cylinder,  or  crossover  pipe  is  clogged 
or  defective.  Close  this  connection  and  disconnect  the 
outlet  hose  from  the  pump.  Check  the  flow  of  oil  from 
the  pump.  In  the  same  manner,  check  other  points  in 
the  hydraulic  circuit  until  the  fault  is  isolated  to  the 
defective  component.  See  the  Main  Hydraulic  System 
illustration  to  determine  the  direc- 

tion of  oil  flow  in  the  system.  If  the  component  at  fault 
is  determined,  continue  to  trouble  shoot  the  component 
as  follows: 


tern 

Part  No. 

Description 

No.  Req'd. 

1 

2057236 

Breather 

1 

2 

2060407 

Shaft 

1 

2A 

2031563 

Bolt,  Shaft  to  Reservoir 

Assy. 

2 

2B 

2031395 

Washer,  Lock     

2 

2C 

2032964 

Washer,  Flat    

2 

„> 

2067797 

Reservoir  Assy.      

1 

3A 

2031559 

Bolt,  Reservoir  to  Frame 

10 

3B 

2031395 

Washer,  Lock 

.       10 

3C 

2036820 

Washer,  Flat    

10 

4 

2003093 

End,  Hose 

1 

•SA 

2045839 

Hose                     

1 

s'i 

2057545 

Valve,  Check       

1 

6 

Filter  (Inside  Tank) 

(See  Sep.  Illus.) 

7 

2060408 

Spacer 

1 

S 

2058039 

Lever  Assy.,  Controls 

2 

9 

2033274 

Ball    Knob             

2 

10 

7060409 

Spacer                      

1 

11 

2057370 

Bushing              

2 

12 

2059077 

Link,  Lever  to  Valve 

4 

12A 

2010556 

Pin,  Clevis 

4 

128 

2031768 

Pin,  Cotter 

4 

13 

2064551 

Tee,   Adapter      

1 

13A 

2031964 

"0"  Ring 

1 

14 

2067685 

Hose 

1 

14A 

6951993 

End,  Hose  at  Pump 

1 

14B 

6951990 

End,  Hose  at  Tee 

1 

14C 

2033307 

"0"  Ring 

1 

15 

2031941 

Elbow,  Adapter,  45° 

4 

1  5A 

20J!VivJ 

"0"  Ring 

4 

16 

20676<J2 

Hose 

1 

ISA 

6951992 

End,   Hose  at  Junction 

Block 

1 

16B 

6951990 

End,  Hose  at  Elbow 

1 

17 

2067681 

Hose                           

1 

17A 

6951992 

End,  Hose  at  Junction 

Block 

1 

17B 

6951990 

End,  Hose  at  Elbow 

1 

18 

2058348 

Block,  Junction,  L.H. 

1 

18A 

2031498 

Bolt,  Block  to  Frame 

4 

18B 

2031392 

Washer,  Lock 

4 

19 

2058744 

Pipe  Assy.,  R.H  

1 

20 

2067695 

Hose     

2 

20A 

6951998 

End,  Hose  at  Pipe  Assy. 

2 

20B 

6951990 

End,  Hose  at  Tube  Assy.  . 

2 

21 

2058751 

Pipe  Assy.,  L.H  

1 

22 

2068076 

Block,  Pipes  to  Arms 

2 

22A 

2031524 

Bolt,  Block  to  Lift  Arm 

4 

22B 

2031393 

Washer,  Lock 

4 

Item 

Part  No. 

Description 

No.  Req'd. 

23 

20493  lO 

Joint,  Swivel,  90°      

4 

23A 

2031963 

"0"  Ring 

4 

6955064 

Kit,  Repair,  Swivel  Joint 

1 

24 

2063949 

Fitting,  Extension, 

"0"  Ring    

2 

24A 

2031963 

"0"  Ring    

2 

25 

Cylinder,  Fork 

(See  Sep.  Illus.) 

26 

2067677 

Hose      

4 

26A 

6951986 

End,  Hose 

8 

27 

2031521 

Bolt,  Lift  Arm  Pipe  to 

Lift  Arms 

4 

27A 

2031393 

Washer,  Lock 

4 

27B 

2032962 

Washer,  Flat  

4 

27C 

2031619 

Nut       

4 

28 

2060459 

Tube  Assy.,  L.H.     

1 

29 

2031929 

Elbow,  90°     

8 

29A 

2031963 

"0"  Ring           

8 

30 

2060410 

Tube  Assy.,  Crossover 

2 

30A 

2031523 

Bolt,  Crossover  to  Frame 

4 

BOB 

2031619 

Nut 

4 

30C 

2031393 

Washer,  Lock    

4 

30D 

2032962 

Washer,  Flat  

4 

31 

2060457 

Tube  Assy.,  L.H  

1 

32 

2031475 

Bolt,  Tube  to  Frame   

2 

32A 

2031391 

Washer,  Lock     

2 

32B 

2032960 

Washer,  Flat 

2 

33 

2060456 

Tube  Assy.,  R.H.    

1 

34 

2060458 

Tube  Assy.,  R.H.   

1 

35 

2058902 

Block,  Hold-Down 

4 

35A 

2031480 

Bolt,  Block  to  Frame 

12 

35B 

2031391 

Washer,  Lock       

.       12 

36 

2067696 

Hose    

4 

36A 

6951999 

End,  Hose  at  Tube  Assy. 

4 

36B 

6951991 

End,  Hose  at  junction 

Block 

4 

37 

2067676 

Hose     

2 

37A 

6951986 

End,  Hose 

4 

38 

2067671 

Hose      

2 

38A 

6951986 

End,  Hose 

4 

39 

Cylinder,   Hoist 

(See  Sep.  Illus.) 

40 

2059154 

Block,  Junction,  R.H  

1 

40A 

2031498 

Bolt 

4 

40B 

2031392 

Washer,  Lock    

4 

41 

2033306 

"0"  Ring    

8 

42 

2033316 

Flange,  Half 

16 

42A 

2031500 

Bolt 

32 

42B 

2031392 

Washer,  Lock    

32 

Never  leave  operators  seat  with  the  arms  raised. 


Item       Part  No. 


Description 


No.  Rcq'd. 


43  2067683      Hose   

43A      6951992      End,  Hose  at  Junction 

Block 
43B      6951990      End,  Hose  at  Elbow 

44  2067684      Hose   

44A      6951992      End,  Hose  at  Junction 

Block      

44B      6951990      End,  Hose  at  Elbow 

45        Valve,  Main  Control 

(See  Sep.  Illus.) 
45A      2062393      Bolt,  Valve  to  Hydraulic 

Tank     

45B      2031395      Washer,  Lock    

46  2035394      "0"  Ring    

47  2012108      Valve,  Drain    

48  2033644      Nipple      

49  2033318       Flange,  Half 

49A      2031521       Bolt          

49B      2031393      Washer,  Lock      


1 


3 
3 
1 
1 
1 
2 
4 
4 


Item       Part  No. 


Description 


No.  Req'd. 


50  2060242      Tube  Assy.,  Suction  1 

50A  2033308      "0"  Ring    1 

51  2032040      Clamp,  Hose    2 

52  Pump  (See  Sep.  Illus.) 

52A  2044343  Bolt,  Pump  to  Converter  ..  6 

52B  2031391      Washnr,  Lock      6 

53  2033267      Gasket             1 

54  2043819      Adapter,  Pump  Drive  1 

55  2033317  Flange,  Half  2 

55A  2031521      Bolt     4 

55B  2031393      Washer,  Lock    4 

56  2059375      Hose   1 

57  2052323      "0"  Ring     1 

58  2063720      Plate  Assy.,  Cover     1 

58A  2031450      Bolt,  Cover  to  Tank 12 

58B  2032959      Washer,  Flat   12 

58C  2049479  Washer,  Stat-0-Seol  12 

59  2058169      Dipstick  Assy 1 


TP107S 


FILTER  ELEMENT  ASSEMBLY 


Item 

Part  No. 

Description 

No.  Req'd. 

A 
1 
2 

3 
4 
5 
6 
7 

2065055 
2031863 
6951734 
6951737 
6951740 
6951741 
6951743 
6951742 

Element  Assy.,  Filter 
Locknut    
Cover  Assy.,  Top 
Gasket      
Core,  Perforated  Center 
Element,  Replaceable 
Cover,  Bottom 
Rod  &  Nut  Assy  

1 
4 
1 
2 
1 
1 
1 
2 

trol  Valve  Cylinder  Relief  Valve. 
See  Check  Valve  Test  and  Overhaul. 
See  Void  Control  Valve  Overhaul. 

Reservoir  Filter — See  Cleaning  Reservoir  Filter. 
Main  Hydraulic  Pump — Replace  defective  pump. 

Lift  Cylinders — See  Adjustment  of  Cylinder  Packing. 
Refer  to  Instructions  on  How  to  Check 
Hydraulic  Cylinder  Packings  by  Using 
a  Simple  Flow  Test  on  the  Machine. 

See  Overhaul  of  Lift  Cylinder. 

Fork  Cylinders    —  See  Adjustment  of  Cylinder  Pack- 
ing. 

Refer  to  Instructions  of  How  to 
Check  Hydraulic  Cylinder  Packings 
by  Using  a  Simple  Flow  Test  on  the 
Machine. 

See  Overhaul  of  Fork  Cylinder. 

Hydraulic  Reservoir — See  Replacement  of  Breather  and 
Check  Valve. 

NOTE:  Before  removal  of  any  component,  drain  the 
hydraulic  reservoir.  Discard  used  oil.  After 
repair  or  service  is  completed,  refill  the  reser- 
voir and  system  with  new  oil.  See  Lubrication 
and  Service  section. 

ADJUSTING    LIFT    AND    FORK 
CYLINDER  PACKING 

The  hydraulic  cylinders  are  so  constructed  that  no  ad- 
justments are  necessary  other  than  to  tighten  the  rod 
packing  if  oil  leaks  excessively. 

IMPORTANT:  In  following  these  procedures,  refer  to 
the  Lift  and  Fork  Cylinder  illustra- 
tion. 


emerges  rrom  tne  cylinder,  install  me  setscrew  \ij) 
and  lockwasher  (13A).  This  compensates  for  packing 
growth  and  allows  the  wiper  seal  to  remove  dirt  and 
other  foreign  mattter  from  the  piston  rod  as  it  is  drawn 
into  the  cylinder.  The  rod  packing  is  the  chevron  type 
and  is  made  up  in  sets  of  neoprene  rubber  and  phenolic 
rings.  (See  Fig.  15).' 


FORK  CYLINDER 

Remove  the  setscrew  (15),  lockwasher  (15A).  Adjust 
the  rod  packing  by  turning  the  packing  nut  so  a  slight 
film  of  oil  adheres  to  the  piston  rod  at  all  times  as  it 
emerges  from  the  cylinder.  Install  the  setscrew  (15) 
and  lockwasher  (15A).  This  compensates  for  packing 
growth  and  allows  the  wiper  seal  to  remove  dirt  and 
other  foreign  matter  from  the  piston  rod  as  it  is  drawn 
into  the  cylinder.  The  rod  packing  is  the  chevron  type 
and  is  made  up  in  sets  of  neoprene  rubber  and  phenolic 
rings.  (See  Fig.  15) . 


Fig.  15.      Rod  Packing  Adjustment 


the  trouble  may  be  thought  to  be  caused  oy  on  leaKing 
past  some  defective  cylinder  packings,  and  a  quick, 
reliable  check  without  taking  the  cylinders  all  apart, 
can  be  a  real  help  to  the  mechanic.  The  test,  which  can 
be  employed  on  any  double-acting  cylinder,  will  show 
just  which  cylinder  packing  is  giving  trouble  and  just 
how  bad  it  is,  or  whether  none  are  at  fault  and  the 
trouble  is  somewhere  else  in  the  system.  Since  piston 
packings  and  cylinder  bores  cannot  be  seen  to  be  checked 
visually  for  defects,  the  whole  idea  is  to  determine  the 
working  condition  of  any  cylinder  by  finding  out  if  any 
oil,  and  how  much  of  it,  is  going  past  the  piston. 

In  making  this  spot  check,  several  things  should  be  kept 
in  mind.  First,  the  hoist  cylinders  and  the  fork  cylin- 
ders on,  the  machine  are  circuited  together  in  pairs 
through  piping  tees  that  are  provided  in  the  hydraulic 
system.  That  is  to  say,  the  same  or  matching  ports  on 
the  lift  cylinders  (and  the  same  thing  is  true  of  the 
fork  cylinders)  are  piped  to  a  tee  from  which  a  single 
line  goes  to  the  main  hydraulic  control  valve.  One  bad 
cylinder  will  affect  the  opposite  cylinder  and  make  it 
appear  to  be  defective  in  operation,  also,  because  of 
displaced  oil  feeding  over  to  it  through  the  system.  That 
is  precisely  why  the  cylinders  should  be  tested  only  one 


at  a  time. 


Second,  the  principle  of  the  test  is  as  follows.  With  the 
cylinder  bottomed  out  in  either  fully  extended  or  re- 
tracted position  and  under  hydraulic  pressure  in  that 
position,  uncouple  the  hose  fitting  from  whichever  hap- 
pens to  be  the  return  port  (the  one  not  under  pressure). 
It  follows  that  any  oil  coming  out  of  the  opened  return 
port  MUST  have  been  forced  past  the  piston  packing 
from  the  pressure  side.  Normally,  a  good  cylinder  and 
packing  set-up  will  show  no  oil  coming  through,  not 
even  oil  drips.  Deteriorated  packing  is  usually  indicated 
by  a  small  oil  flow.  Experience  to  be  gained  in  relating 
the  amount  of  oil  flow  to  the  estimate  of  probable  dam- 
age will  be  of  value  to  the  mechanic  as  he  goes  along. 
The  oil  can  be  run  into  a  container  to  measur*  the 
amount  of  flow  over  a  short  time  period,  usually  a 
maximum  of  10  seconds  under  valve  bv-pass  pressure, 
to  calculate  amounts  for  longer  periods  (if  desired) . 

Third,  the  hydraulic  valve  controls  should  be  operated 
during  the  tests  with  due  care  to  avoid  false  motions, 
because  it  is  essential  that  the  right  control  be  moved  in 
the  right  direction,  and  at  the  right  time. 

Fourth,  the  flow  test  should  not  be  considered  to  be 
infallible.  This  simple  check  will  not  point  up  all 
troubles.  Troubles  such  as  internal  cylinder  scoring 


cylinder  tuue,  ui  siiuiuig  ptturwing  U.UE.  LU  a  pisiwn  «o<j^m- 
bly  coming  apart  cannot  be  expected  to  be  successfully 
indicated. 

FORK  CYLINDERS 

1.  Move    the    fork    control    lever    to    "TILT-BACK" 
position   to    retract   the   fork.     The   lower   cylinder 
port,  next  to  the  head,  will  be  under  pressure. 

2.  Remove  the  hose  from  the  upper  port  fitting  on  the 
cylinder  being  tested.  This  fitting  is  on  the  return 
side  with  the  cylinder  in  this  position. 

3.  Place  the  free  end  of  the  hose  in  a  suitable  oil  con- 
tainer or  bucket  to  catch  feed-back  oil  from  the  main 
reservoir,  which  is  higher  than  the  rest  of  the  system. 

4.  Move  the  fork  control  lever  to  the  DUMP  position 
to   apply   hydraulic   pressure  to  the  cylinder  at  full 
system  pressure.  Check  the  oil  flow  at  the  open  fitting. 

5.  Install   the   hose   after    testing,  and   repeat   the    pro- 
cedure on  the  opposite  cylinder. 


LIFT  CYLINDERS 

1.  Move  the  lift  arm  control  lever  to  the  RAISE  posi- 
tion to  extend  the  lift  cylinders  to  full  stall  position. 
With    the   lift   arms    raised   to   the   highest   position, 
block  them  up  carefully  in  the  interest  of  safety.  The 
rear  port,  next  to   the  base   of  the  cylinder,  will  be 
under  pressure. 

2.  Remove  the  hose  from  the  front  port  fitting  on  the 
cylinder   being  tested.  This   fitting  is   on   the  return 
side  with  the  cylinder  in  this  position,  and  not  under 
any  pressure.  This  will  NOT  affect  holding  position 
of  the  lift  cylinders. 

3.  Place  the  free  end  of  the  hose  in  a  suitable  oil  con- 
tainer or  bucket  to  catch  feed-back  oil  from  the  main 
reservoir. 

4.  Move  lift  arm  control  lever  to  the  FLOAT  position 
to  apply  hydraulic   pressure  to  the  cylinder  at  full 
system  pressure.  Check  the  oil  flow  at  the  open  fitting. 

5.  Install    the    hose    after   testing  and   repeat   the    pro- 
cedure on  the  opposite  cylinder. 


LIFT  CYLINDER  OVERHAUL 


Do  not  disassemble  either  cylinder  further  than  neces- 
sary to  correct  a  malfunction.  During  disassembly 
special  attention  should  be  given  to  identification  of 
parts  for  proper  reassembly. 


Cleanliness  is  of  the  utmost  importance.  Place  all  dis- 
assembled parts  on  a  clean,  lint-free  surface. 

Lift  cylinder  repair  kit,  Part  No. 6955191 


32] 


or  tork  tines  Hat  on  the  ground. 

NOTE:  Each  time  a  cylinder  is  rebuilt,  we  recommend 
that  the  hydraulic  oil  be  changed.  We  further 
recommend  the  cylinders  be  rebuilt  in  pairs. 

REMOVING  LIFT  CYLINDER 
FROM  MACHINE 

Refer   to   Lift   Arm   and   Linkage   illustration 
for  identification  of  parts. 


result  in  damage  to  the  cylinder  or  injury  to  person; 
working  on  the  machine. 

Remove  the  bolts  and  lockwashers  holding  the  keylock 
(38) ;  remove  the  keylock.  Remove  the  bolts  and  lock 
washers  holding  the  lockplate  (33);  remove  the  lock 
plate.  Remove  the  bolt,  lockwasher,  and  nut  that  secure 
the  lift  cylinder  to  frame  pin  (34). 

Use  a  suitable  pin  puller  and  remove  the  pin  (34)  ai 
the  cap  and  the  pin  (36)  at  the  rod  end  of  the  cylinder 
Move  the  cylinder  to  a  suitable  location  for  disassembly 


LIFT  CYLINDER 


6     7 


8 


19     18     17   16 


15     14  13    12 


11 


TPB17 


19     18    17   16 


15    14  13    12 


11 


TM17 


LIFT  CYLINDER 

Two  Cylinders  Used  per  Machine;  Quantity  Shown  is  for  One. 


Item        Part  No. 


Description 


No.  Req'd.  Item        Part  No. 


Description 


No.  Req'd. 


2059954 


B   6955191 


1 
2 
3 
4 
5 
6 
7 
8 


2057179 
6700341 
6700439 
6700345 
6700347 
2041374 
6700348 
6700345 


Hoist  Cylinder  Assy.  (Incl. 
Items  1  thru  10  &  12 
thru  19)  

Service  Kit  (Incl.  Items 5, 
6,7,  12,  15,18  &  19) 

Bushing 

Body  Assy. 

Nut,    Esno 

Piston,  Half 

Packing,  Piston 

"0"  Ring  

Bearing,  Piston 

Piston,  Half        


9 
10 
11 
12 
13 
13A 
14 
15 
ISA 
16 
17 
18 
19 

2057179 
6700342 
2057841 
2041153 
6700352 
2031389 
6700343 
6700346 
6700440 
6700378 
6700344 
6700350 
2041365 

Bushing                  

: 
; 

Rod  Assy.             

Fitting,  Grease 

Wiper 

Screw 

Washer,  Lock        .... 

Nut,  Packing 

Packing,  Rod 

Washer  (N.I.) 
Set  Screw,  Socket  Hd. 
Stuffing  Box 

Ring,  Back-Up 

"CTRing 

coco    co 


co  co 


co  co 


Item        Part  No 


i  usin 

urea  1.1  ipt  IUH                                i^ 

u.  i\eij  u. 

1  ICIM 

L/C3L.I  ips  IUH                                            IN 

U.    l\Cl|  U. 

1 

2030225 

Fitting,  Grease    

2 

22A 

2031619 

Nut 

2 

2 

2055508 

Pin,  Lift  Arm  Pivot    

2 

22B 

2031393 

Washer,  Lock 

2 

3 

2058743 

Bushing         

2 

23 

2058929 

Pin,  Beilcrank  to  Lift  Arm 

2 

4 

2067990 

Lift  Arm  Assy  

1 

24 

2031535 

Bolt 

2 

5 

2058744 

Pipe  Assy.,  R.H. 

1 

24A 

2031619 

Nut 

2 

6 

2031521 

Bolt     

4 

24B 

2031393 

Washer,  Lock 

2 

6A 

2031619 

Nut    

4 

25 

2031535 

Bolt 

2 

68 

2032962 

Washer,  Flat     

4 

25A 

2031619 

Nut 

2 

6C 

2031393 

Washer,  Lock 

4 

25B 

2031393 

Washer,  Lock 

2 

7 

2031524 

Bolt 

4 

26 

2058928 

Pin,  Fork  Cylinder  to 

7A 

2031393 

Washer,  Lock    

4 

Fork   Frame 

2 

8 

2068076 

Block    

2 

26A 

2030225 

Fitting  (NJ.) 

2 

9 

2058751 

Pipe  Assy.,  L.H  

1 

27 

2033250 

Fitting,  Grease 

2 

10 

2033249 

Fitting,  Grease    

2 

28 

2031535 

Bolt 

2 

11 

2058921 

Leveling  Arm  Assy  

2 

28A 

2031619 

Nut 

2 

12 

2030225 

Fitting,  Grease    

2 

28B 

2031393 

Washer,  Lock 

2 

13 

2056415 

Bushing 

4 

29 

2056547 

Pin,  Lift  Arm  to  Bucket 

2 

14 

2058926 

Pin,  Leveling  Arm  to  Frame 

2 

30 

2056531 

Bushing           

4 

15 

2031532 

Bolt 

2 

31 

2030225 

Fitting,  Grease 

2 

ISA 

2031619 

Nut 

2 

32 

2031519 

Bolt 

2 

15B 

2031393 

Washer,  Lock    

2 

32A 

2031393 

Washer,  Lock        

2 

16 

2030225 

Fitting,  Grease    

2 

33 

2060024 

Plate,  Lock 

2 

17 

2058906 

Bellcrank  Assy. 

2 

34 

2058942 

Pin,  Hoist  Cylinder  Pivot 

2 

18 

2058927 

Pin,  Bellcrank  to  Bucket 

35 

2053396 

Bolt,  Pinlock 

2 

Cylinder      

2 

35A 

2031619 

Nut 

2 

19 

2031535 

Bolt 

2 

35B 

2031393 

Washer,  Lock 

2 

19A 

2031619 

Nut     

2 

36 

2058923 

Pin,  Hoist  Cylinder  to 

19B 

2031393 

Washer,  Lock 

2 

Lift  Arm 

2 

20 

2058913 

Bushing 

2 

37 

2031517 

Bolt 

4 

21 

2058926 

Pin,  Leveling  Arm  to 

37A 

2031393 

Washer,  Lock 

4 

Bellcrank 

2 

38 

2042606 

Keylock 

4 

22 

2031532 

Bolt 

2 

39 

2031517 

Bolt 

4 

39A 

2031393 

Washer,  Lock 

4 

(N.I.)     Not  Illustrated 


LIFT  CYLINDER  DISASSEMBLY 


LIFT  CYLINDER  REASSEMBLY 


Refer  to  Lift  Cylinder  illustration  for  identification  of 
parts. 

During  disassembly,  clean  all  parts  except  sealing 
elements  in  clean  .mineral  oil  solvent.  After,  drying 
thoroughly,  lay  parts  on  a'  clean,  lint-free  surface  for 
inspection.  Never  use  an  air  hose  on  or  near  the  exposed 
parts  because  of  the  presence  of  water  and  dirt  in  the 
system. 

Remove  set  screw  (13)  and  lockwasher  (13A). 

Using  a  spanner  wrench,  unscrew  packing  nut  (14)  and 
remove  it  from  cylinder  tube. 

Pull  rod  assembly  to  its  full  extension  then  remove  set 
screw  (16).  Use  a  spanner  wrench  to  unscrew  and  re- 
move stuffing  box  (17)  from  the  cylinder.  During  and 
after  this  operation,  the  rod  assembly  must  be  held  by 
hand  in  the  center  of  the  body  assembly  (2). This  is  to 
protect  the  inner  wall  of  the  body  assembly  from  being 
scratched  by  the  piston  halves  (4)  and  (8). 

Pull  the  rod  assembly  and  piston  assembly  from  body 
by  hand,  being  very  careful  not  to  scratch  the  inner 
walls.  Keep  rod  in  the  center  diameter  of  the  body 
assembly. 

Place  the  eye  of  the  rod  assembly  in  a  machinist's  vise, 
using  protective  jaws.  Do  not  damage  the  eye. 

Remove  nut  (3),  piston  halves  (4)  and  (8)  with  piston 
packings  (5),  piston  bearing  (7),  and  "O"  ring  (6) 
from  rod  assembly.  Remove  rod  packing  (15),  "O"  ring 
(19),  and  backup  ring  (18)  from  stuffing  box.  Remove 
packing  nut  (14)  from  rod  assembly.  Use  a  hook  scriber 
or  suitable  tool  to  remove  wiper  ring  (12)  from  packing 
nut. 


LIFT  CYLINDER  INSPECTION 

Discard  all  sealing  elements  and  replace  with  new. 


Check  each  disassembled  part  for  wear,  cracks  or  pitting 
that  would  render  them  unfit  for  further  use.  Pay  par- 
ticular attention  to  the  inner  walls  of  the  body  assembly 
and  the  surface  of  the  rod  assembly. 

Inspect  the  mounting  pins  for  wear  or  scoring;  replace  ' 
if  necessary. 

Inspect  the  bushings  (1)  and  (9)  in  the  mounting  bores; 
replace  if  worn,  scored,  or  loose. 


Coat  each  part  with  a  film  of  clean  hydraulic  oil  to 
facilitate  reassembly.  Coat  all  sealing  elements  with 
liberal  amounts  of  petroleum  jelly  prior  to  assembly. 
Slide  the  wiper  (12),  packing  nut  ( 14)  and  packing  (15) 
on  the  rod  assembly. 

Replace  backup  ring  (18)  and  "O"  ring  (19)  and  set 
screw  (16)  on  stuffing  box  (24).  Install  the  assembled 
stuffing  box  on  the  rod  assembly. 

Place  flat  mounting  end  of  rod  assembly  (10)  in  vise 
and  install  piston  half  (8)  on  the  rod  until  it  bottoms. 
Install  "O"  ring  (6)  in  the  piston  half  recess. 

Place  one  set  of  packing  (5)  snugly  in  piston  half. 

Place  one  set  of  packing  (5)  snugly  in  the  piston  half 
(4)  and  install  the  piston  on  the  rod  assembly. 

Install  the  halves  of  the  piston  bearing  (7)  between  the 
piston  halves  (4)  and  (8).  Turn  nut  (3)  on  the  rod 
assembly  and  tighten  to  30  Ib.  ft.  torque. 

With  the  body  assembly  (2)  held  securely,  place  the 
piston  and  rod  assembly  in  the  center  of  the  body  as- 
sembly diameter  and  push  the  piston  and  rod  firmly 
in,  being  careful  not  to  scratch  the  inner  walls  of  the 
body  assembly.  Insert  the  piston  just  far  enough  inside 
the  body  assembly  so  that  the  thread  of  the  stuffing  box 
(17)  engages  the  body  assembly  thread. 

Now  that  the  piston  is  in  the  body  assembly,  oil  the 
inner  body  assembly  walls  again  and  install  the  stuffing 
box  (17),  being  careful  not  to  unseat  the  "O"  ring  (19) 
or  backup  ring  (18).  Very  carefully  push  the  piston  in 
until  it  bottoms  on  the  base  of  the  cylinder.  Use  a  span- 
ner wrench  to  tighten  stuffing  box  and  set  screw  (16) 
securely. 

Insert  packing  (15)  in  the  stuffing  box.  Work  each  ring 
down  smoothly  without  distortion  or  damage.  Be  very 
careful;  a  damaged  ring  must  be  discarded  and  a  new 
set  purchased.  Use  a  flat  tool  to  work  in  the  new  rings, 
taking  care  not  to  cut  the  rings  or  damage  the  stuffing 
box  threads. 

Install  wiper  (12)  in  packing  nut  (14);  oil  rod  assembly 
once  more  and  install  packing  nut  in  the  stuffing  box. 
Draw  up  snugly  with  spanner  wrench.  A  properly  ad- 
justed nut  will  allow  a  light  film  of  oil  to  remain  on 
the  rod  assembly  as  it  is  drawn  out  of  the  cylinder. 

Replace  lockwasher   (13A)   and  set  screw  (13). 


*~*  fan.  iiaciiuiiuctLivii.  v_jse  a  noise  or 
block  the  cylinder  in  .position  with  the  mounting  bores 
aligned  with  the  mountings  on  the  lift  arm  and  frame. 

Install  the  pin  (36)  in  the  rod  end  bore.  Position  the 
lock  (38)  in  the  slot  of  the  pin;  secure  to  the  lift  arm 
with  two  bolts  and  lockwashers. 

Install  the  pin  (34)  in  the  cap  and  bore.  Align  the  hole 
in  the  pin  with  the  hole  in  the  frame  mounting;  secure 
with  a  bolt,  lockwasher  and  nut.  Replace  lockplate  (33). 
two  bolts  and  lockwasher.  Connect  the  hydraulic  lines 
to  the  cylinder. 

NOTE:   We  recommend  that  cylinders  be  replaced  or 
rebuilt  in  pairs. 

Drain  the  hydraulic  oil  and  refill  the  system  whenever 
a  cylinder  is  replaced.  Lubricate  the  mounting  bushings; 
refer  to  the  Lubrication  section. 


FORK  CYLINDER  OVERHAUL 

Do  not  disassemble  either  cylinder  further  than  neces- 
sary to  correct  a  malfunction.  During  disassembly 
special  attention  should  be  given  to  identification  of 
parts  for  proper  reassembly. 

Cleanliness  is  of  the  utmost  importance.  Place  all  dis- 
assembled parts  on  a  clean,  lint-free  surface. 


Fork  Cylinder  Repair  Kit,  Trojan  Part  No.  6955190 
contains   all   the   sealing   elements;   each   item 
may  be  identified  by  checking  the  Fork  Cylinder   il- 
lustration. 

Before  attempting  to  remove  either  cylinder,  the  ma- 
chine must  be  on  level  terrain  with  the  complete  bottom 
of  fork  tines  flat  on  the  ground.  Measure  the 
distance  from  the  center  of  the  pin  in  the  head  to  the 
center  of  the  pin  in  the  cylinder  tube  base.  This  is 
important  because  the  head  must  be  assembled  on  the 
piston  rod  in  the  same  location  as  it  was  before  dis- 
assembly. 

NOTE:  Each  time  a  cylinder  is  rebuilt,  we  recommend 
that  the  hydraulic  oil  be  changed.  We  further 
recommend  that  cylinders  be  rebuilt  in  pairs. 


REMOVING   FORK   CYLINDER 
FROM  MACHINE 

Refer  to  the  Lift  Arm  and  Linkage  illustration 
for  identification  of  parts. 


result  in  damage  to  the  cylinder  or  injury  to  perso 
working  on  the  machine. 

Remove  the  bolt,  lockwasher,  and  nut  securing  the  p 
(26)  to  the  boss  on  the  bucket.  Use  a  suitable  pin  pull 
and  remove  the  pin. 

Remove  the  bolt,  lockwasher,  and  nut  securing  the  p 
(18)  to  the  bellcrank  assembly  (17).  Use  a  suitable  p 
puller  to  remove  the  pin  (18).  Move  the  cylinder  to 
appropriate  location  for  disassembly. 


FORK   CYLINDER    DISASSEMBLY 

Refer  to  Fork  Cylinder  illustration  for  identificati 
of  parts. 

During  disassembly,  clean  all  parts  except  seali 
elements  in  clean  mineral  oil  solvent.  After  dryi 
thoroughly,  lay  parts  on  a  clean,  lint-free  surface  ( 
inspection.  Never  use  an  air  hose  on  or  near  the  expos 
parts  because  of  the  presence  of  water  and  dirt  in  t 
system. 

Loosen  locking  bolts  (12).  Remove  cylinder  head  (1 
from  piston  rod  (13). 

Remove  set  screw   (15)   and  lockwasher   (20). 

Using  a  spanner  wrench,  unscrew  packing  nut  (  16)  a 
remove  from  piston  rod.  Use  a  hood  scriber  or  suital 
tool  for  removal  of  wiper  ring  (14). 

Pull  piston  rod    (13)    to  its  full  extension;   remove 
screw   (20).  Use  a  spanner  wrench  to  unscrew  and 
move  stuffing  box   (19)   from  the  cylinder.  During  a. 
after  this   operation   the   piston    rod   must   be    held 
hand,  in  the  center  of  the  body  assembly    (2),  to  p; 
tect  the  inner  walls  of  the  body  assembly  from   bei 
scratched  by  the  assembled  piston  (4)  and  (8).  Remc 
rod   packing    (17),    "O"    ring    (22),    and    backup    ri 
(21)   from  the  stuffing  box. 

Pull  the  piston  rod  and  piston  assembly  from    ' 
assembly  by  hand,  being  very  careful  not  to  sc 
inner  walls.  Keep  rod  in  the  center  diameter  of 
assembly.  Place  the  flat  at  the  thread  end  of 
rod  in  a  machinist's  vise,  using  protective  jawi 
damage  the  threads. 
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ovc  nut  (3),  piston  halves  ('t)  and  (8)  with  piston 
ing  (5),  "O"  ring  (6),.iiul  piston  bearing  (7)  from 
listen  rod  ( 13). 

:K  CYLINDER    INSPECTION 

ard  all  sealing  elements  and  replace  with  new.  Wash 
arts  in  mineral  oil  solvent.  Dry  thoroughly. 

:k  each  disassembled  part  for  wear,  cracks,  or  pit- 
that  would  render  them  unfit  for  further  use.  Pay 
cular  attention  to  the  inner  walls  of  the  body  assein- 
nd  the  surface  of  the  piston  rod. 

ect  the  mounting  pins  for  wear  or  scoring;   replace 

cessary. 


Inspect  the  bushings  (9)  in  the  head  bore;  replace  if 
worn,  scored,  or  loose. 

Inspect  the  bushing  (18)  in  the  stuffing  box  (19);  re- 
place if  worn,  scored,  or  loose. 

FORK    CYLINDER    REASSEMBLY 

Coat  each  part  with  a  film  of  clean  hydraulic  oil  to 
facilitate  reassembly.  Prior  to  assembly,  liberally  coat 
all  sealing  elements  with  petroleum  jelly. 

Replace  backup  ring  (21),  "O"  ring  (22),  and  set  screw 
(20)  on  stuffing  box  (19).  Lay  aside. 

Place  piston  rod  (13)  in  vise  at  flat  and  install  piston 
half  (8)  on  the  rod  against  the  shoulder.  Install  "O" 
ring  (6)  in  the  piston  half. 
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Item 

Part  No. 

Description                    No.  Req'd. 

A 

2058432 

Fork  Cylinder  Assy. 

(Incl.  Items  1  thru  8  & 

13  thru  22)    1 

B 

6955190 

Service  Kit  (Incl.  Items  5, 

6,1,  14,  17,21  &22)  .          1 

1 

2056169 

Bushing     

2 

6700504 

Body  Assy.       

3 

2040082 

Nut,  Esna      

4 

6700340 

Piston,  Half 

5 

6700338 

Packing,  Piston       4 

: 

6 

2040085 

"0"  Ring     

7 

6700339 

Bearing,  Piston    

8 

6700340 

Piston,  Half 

9 
in 

2045616 

•»rVC7871 

Bushing 

D«~    U  1 

i 

FORK  CYLINDER 

Two  Cylinders  Used  per  Machine;  Quantity  Shown  is  for  One. 

Item        Part  No.  Description 


No.  Re 


11 

12 
12A 

2057841 
2037889 
2032802 

Fitting,  Grease    2 
Bolt                                           2 
Washer,  Lock     2 

13 

6700336 

Rod 

14 

2040092 

Wiper 

15 

6700352 

Screw 

ISA 

2031389 

Washer,  Lock    . 

16 
17 
18 
19 
20 
21 
22 

2040091 
6700258 
6700143 
6700337 
6700378 
2040112 
20401  1  1 

Nut,  Packing    
Packing,  Rod    
Bushing     
Stuffing  Box     
Screw,  Soc.  Hd.  Ser 
Ring,  Back-Up  
"CTRing     

Place  one  set  of  packing  (5)  snugly  on  the  piston  half 
(8).  Place  one  set  of  packing  (5)  snugly  on  the  piston 
half  (4)  and  install  piston  on  piston  rod. 

Install  the  halves  of  the  piston  bearing  (7)  between  the 
piston  halves  (4)  and  (8). 

Turn  nut  (3)  on  the  piston  rod  and  tighten  to  30  Ib. 
ft.  torque. 

With  the  body  assembly  (2)  held  securely,  place  the 
piston  and  rod  in  the  center  of  its  diameter  and  push 
the  rod  firmly  in,  being  careful  not  to  scratch  the  inner 
walls  of  the  body  assembly.  Insert  the  piston  just  far 
enough  inside  the  body  assembly  so  that  the  stuffing 
box  (19)  may  engage  its  thread  and  be  screwed  in. 
Now  that  the  piston  is  in  the  body  assembly,  oil  the 
inner  body  assembly  walls  again  and  install  the  stuffing 
box  (19),  being  careful  not  to  unseat  the  "O"  ring  (22) 
or  backup  ring  (21).  Very  carefully  push  the  piston  in 
until  it  bottoms  on  the  base  of  the  cylinder.  Use  a  span- 
ner wrench  to  tighten  stuffing  box  and  set  screw  (20) 
securely. 

insert  packing  (17)  in  the  stuffing  box.  Work  each  ring 
down  smoothly,  without  distortion  or  damage.  Be  very 
careful;  a  damaged  ring  must  be  discarded  and  a  new 
set  purchased.  Use  a  flat  tool  to  work  in  the  new  rings, 
being  careful  not  to  cut  the  rings  or  damage  the  stuffing 
box  threads. 

Install  wiper  ring  (14)  in  packing  nut  (16),  oil  piston 
rod  again  and  install  packing  nut  in  the  stuffing  box. 
Draw  up  packing  nut  snugly  with  spanner  wrench.  A 


properly  adjusted  nut  will  allow  a  light  film  of   oil 
remain   on    the    piston    rod    as   it   is   drawn   out   of   tl 
cylinder. 

Replace  lockwasher   (15A),  and  set  screw   (15). 

Turn  head  (10)  on  piston  rod  to  the  same  location 
had  before  removal.  Hold  piston  rod  with  wrench  t 
flat  if  necessary.  Draw  bolts  (12)  down  evenly,  torqi 
to  250  Ib.  ft.  torque  dry  thread. 

INSTALLING    FORK    CYLINDER 
ON  THE  MACHINE 

Refer  to  the  Lift  Arm  and  Linkage  illustration 
for  part  identification. 

Use  a  hoist  or  block  the  cylinder  in  position,  alignii 
the  mounting  bores  with  the  mountings  on  the  lift  at 
and  fork  carriage  assembly. 

Install  the  pin  (18)  in  the  base  bore.  Secure  to  the  be 
crank  assembly  (17)  with  a  bolt,  lockwasher,  and  ni 
Install  the  pin  (26)  in  the  cap  end  bore.  Align  the  ho 
in  the  pin  with  the  hole  in  the  bucket  boss;  secure  wi 
a  bolt,  lockwasher,  and  nut. 

Connect  the  hydraulic  lines  to  the  cylinder. 

NOTE:   We  recommend  that  cylinders  be  replaced 
rebuilt  in  pairs. 

Drain  the  hydraulic  oil  and  refill  the  system  whenev 
a  cylinder  is  replaced.  Lubricate  the  mounting  bushin 
and  pin;  refer  to  the  Lubrication  section. 


I 


CONTROL  VALVE 


ADJUSTING  MAIN  RELIEF  VALVE 
Refer  to  Fig.   16  for  identification  of  parts. 

Install  a  0-5000  psi  pressure  gauge  in  the  '/i-inch  port 
just  to  the  right  of  the  name  plate  on  the  main  control 
valve. 

Remove  acorn  nut  and  loosen  jam  nut  on  main  relief 
valvr-. 

Start  the  engine  and  run  at  maximum  speed.  Stall 
system  to  obtain  maximum  pressure  reading  on  gauge. 

Check  the  gauge  pressure  reading.  If  the  pressure  read- 
ing does  not  stabilize  at  1650  psi,  turn  the  adjusting 
screw  to  obtain  this  pressure.  Turn  the  screw  in  to 
mcrt.ase  pressure,  out  to  decrease  pressure. 

V'A,-n  pressure  stabilizes  at  1650  psi,  hold  the  adjusting 
screw  and  tighten  the  jam  nut. 

In.stnli  the  acorn  nut. 

Remcr.e  the  pressure  gauge  and  line. 


OVERHAUL  OF  MAIN  RELIEF  VALVE 

Refer  to  Fig.  17  for  identification  of  parts. 

If  adjustment  of  the  main  relief  valve  does  not  provide 
a  stabilized  pressure  at  1650  psi  and  the  trouble  is 
suspected  to  be  in  the  control  valve,  overhaul  the  relief 
valve.  Wire  brush,  wipe,  and  blow  clean  with  an  air  hose 
around,  the  relief  section.  Overhaul  the  relief  valve  as 
follows: 


DISASSEMBLY 

Remove  the  acorn  nut,  jam  nut,  two  washers,  and  ad- 
justing screw. 

Remove  poppet  and  spring  from  plug  bore. 

Remove  the  plug.  Remove  "O"  ring,  backup  ring,  and 
"O"  ring  from  the  outside  of  the  plug. 

Remove  spring  and  piston  from  relief  bore. 

Remove   the  main  poppet.  Remove   the   "O"    ring   and 
backup  ring  from  the  main  poppet. 


CLEANING  AND  INSPECTION 

Clean  all  parts  in  a  clean  mineral  oil  solvent  before 
inspection.  Because  of  fire  hazards  and  insurance  regu- 
lations, we  do  not  recommend  gasoline  or  any  other 
volatile  solvent,  such  as  naphtha,  benzene,  etc.  Less 
flammable  fluids  such  as  kerosene  or  mineral  spirits 
should  be  used.  Do  not  use  caustic  solution.  After  dry- 
ing thoroughly  with  clean  cloth,  lay  parts  on  a  clean, 
lint-free  surface  for  inspection.  Never  use  an  air  hose  on 
or  near  the  exposed  parts  because  of  the  presence  of 
ivater  and  dirt  in  the  air  system. 


1.  Acorn  Nut 

2.  Jam  Nut 

3.  Plug 

4.  Cylinder  Relief  Valve 

5.  Hydraulic  Control  Valve 

6.  Main  Relief  Valve  Cap 

7.  Plug 

8.  Jam  Nut 

9.  Acorn  Nut 


Fig.  16.  Control  Valve,  Main  Relief  Valve,  and  Cylinder  Relief 
Valve  Adjustment 


Inspect  the  ground  seating  surtace  of  the  main  poppet 
for  nicks  or  excessive  wear.  Insert  poppet  without  "O" 
ring  or  backup  ring  fully  into  the  sleeve  and  test  for  fit. 
The  poppet  should  fit  snugly  but  without  binding 
through  a  complete  revolution.  Inspect  the  ground 
seating  surface  of  the  pilot  poppet  for  nicks  or  excessive 
wear.  The  pilot  seating  edge  of  the  sleeve  should  be 
sharp  and  free  of  nicks.  Inspect  the  sleeve  bore  for 
scores  or  roughness.  Check  the  small  connecting  holes 
and  the  cross  hole  for  dirt  or  obstructions.  Shine  a 
bright  light  into  the  pilot  end  of  the  sleeve  and  inspect 
the  pilot  seat.  It  should  be  clean  and  sharp.  Discard  any 
parts  found  to  be  faulty. 

Replace  all  "O"  rings,  backup  rings,  and  springs  at  each 
overhaul. 


1.  Acorn  nut 

2.  Adjusting  screw 

3.  Jam  nut 

4.  Spring 

5.  Spring 

6.  Poppet 

7.  Piston 

8.  Backup  ring 


9.   "O"  ring 

10.  Sleeve 

11.  "O"ring 

12.  Backup  ring 

13.  Poppet 

14.  "O"  ring 

15.  Plug 

16.  Washer 


Fig.  17-       Main  Relief  Valve,  Sectional  View 


REASSEMBLY 

Position  an  "O"  ring  and  backup  ring  in  the  out* 
groove  of  the  main  poppet  with  the  backup  ring  in  tr 
side  of  the  groove  closest  to  the  tapered  end.  Slid 
the  main  poppet  in  the  valve  sleeve  until  it  seats.  Insta 
the  piston  with  the  long  end  in  the  hole  of  the  mai 
poppet.  Install  the  spring  around  the  piston  top. 

Install  an  "O"  ring  in  the  large  diameter  groove  of  t[ 
plug  and  an  "O"  ring  and  backup  ring  in  the  smalli 
groove.  Place  the  backup  ring  in  the  groove  toward  tl 
center  of  the  plug.  Install  the  assembled  plug  hi  tf 
valve,  catching  the  spring  in  the  central  counterbo: 
and  seating  the  plug  in  the  sleeve. 

Install  the  pilot  poppet  in  the  plug  with  the  short  ste 
fitting  through  the  bore  of  the  plug  into  the  spring 
the  main  poppet.  Install  the  spring  over  the  long  ste 
of  the  pilot  poppet. 

Install  the  adjusting  screw  loosely  and  screw  the  ja 
nut  loosely  on  the  adjusting  screw. 

Set  the  main  relief  valve  adjustment.  Install  the  acoi 
nut. 


ADJUSTING  FORK  CIRCUIT 
RELIEF  VALVE 

Refer  to  Fig.  18  for  identification  of  parts. 

Install  a  0-2000  psi  pressure  gauge  in  the  '/4-inch  po 
in  the  main  control  valve  just  to  the  right  of  the  nan 
plate. 

Remove  acorn  nut  and  loosen  jam  nut  from  foi 
circuit  relief  valve. 

Start  the  engine  and  run  at  maximum  speed.  Pull  tl 
fork  control  lever  back  toward  the  TIP  BACK  po: 
tion  until  the  fork  cylinders  are  fully  retracted,  at 
read  the  pressure  gauge. 

If  the  pressure  does  not  stabilize  at  1100  psi,  turn  tl 
adjusting  screw.  Turn  the  screw  in  to  increase  pressut 
out  to  decrease  pressure. 

When  pressure  stabilizes  at  1100  psi,  hold  the  adjustii 
screw  and  tighten  the  jam  nut. 

Install  the  acorn  nut. 

Remove  the  pressure  gauge  and  line. 
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1. 

Acorn  nut 

11. 

Poppet 

2. 

Adjusting  screw 

12. 

Piston 

3. 

Jam  nut 

13. 

Spring 

4. 

Cap 

14. 

Spring 

5. 

Spring 

15. 

«/-V» 

vJ    ring 

6. 

Poppet 

16. 

Backup  ring 

7. 

"O"  ring 

17. 

"O"  ring 

8. 

"O"  ring 

18. 

Plug 

9. 

Backup  ring 

19. 

Washer 

10. 

Poppet 

Fig.  18.      Fork  Circuit  Relief  Valve,  Sectional  View 

)VERHAUL    OF    FORK    CIRCUIT 
tELIEF  VALVE 

lefer  to  Fig.  18  for  identification  of  parts. 

f  adjustment  of  the  fork  circuit  relief  valve  does  not 
irovide  a  stabilized  pressure  at  1 100  psi  and  the  trouble 
;  suspected  to  be  in  the  control  valve,  overhaul  the 
ork  circuit  relief  valve.  Wire  brush  and  wipe  clean 
11  the  areas  around  the  control  valve  openings.  Blow 
11  dirt  and  scale  from  the  area  with  an  air  hose. 

)verhaul  the  fork  circuit  relief  valve  as  follows: 


DISASSEMBLY 

Remove  the  acorn  nut,  jam  nut,  two  washers,  and  the 
adjusting  screw. 

Remove  spring  and  poppet  from  plug  bore. 

Turn  the  cap  out  of  the  control  valve  body;  remove 
the  "O"  ring. 

Place  the  cap  in  a  vise  with  protective  jaws  and  screw 
the  plug  out  of  the  cap.  Remove  the  "O"  ring  from  the 
plug  outside  diameter.  The  remainder  of  the  valve  parts 
will  come  out  with  the  plug.  Take  care  not  to  score  or 
scratch  the  surface  of  the  poppet  on  the  threads  of  the 
cap  while  removing  it. 

Remove  the  two  assembled  poppets  from  the  plug.  Re- 
move the  "O"  ring  and  backup  ring  from  the  plug. 
Remove  the  large  spring,  small  spring,  piston,  and  inner 
poppet  from  the  outer  poppet.  Remove  the  "O"  rings 
and  backup  rings. 


CLEANING  AND  INSPECTION 

Clean  all  parts  in  a  clean  mineral  oil  solvent  before 
inspection.  Because  of  fire  hazards  and  insurance  regu- 
lations, we  do  not  recommend  gasoline  or  any  other 
volatile  solvent,  such  as  naphtha,  benzene,  etc.  Less 
flammable  fluids  such  as  kerosene  or  mineral  spirits 
should  be  used.  Do  not  use  caustic  solution.  After  dry- 
ing thoroughly  with  clean  cloth,  lay  parts  on  clean, 
lint-free  surface  for  inspection.  Never  use  an  air  hose 
on  or  near  the  exposed  parts  because  of  the  presence 
of  water  and  dirt  in  the  air  system. 

Inspect  the  ground  seating  surface  of  the  poppets  for 
nicks  or  excessive  wear.  Insert  poppets  without  "O" 
rings  or  backup  rings  and  test  for  fit.  The  poppets 
should  fit  snugly  but  without  binding  through  a  com- 
plete revolution.  Inspect  the  ground  seating  surface  of 
the  pilot  poppet  for  nicks  or  excessive  wear.  The  pilot 
seating  edge  of  the  plug  should  be  sharp  and  free  of 
nicks.  Inspect  the  plug  bore  for  scores  or  roughness. 
Check  the  small  connecting  holes  and  the  cross  hole  for 
dirt  or  obstructions.  Shine  a  bright  li^ht  into  the  pilot 
end  of  the  large  poppet  and  inspect  the  sent.  It  should 
be  clean  and  sharp.  Discard  any  parts  found  to  he 
faulty. 

Replace  all  "O"  rings,  backup  rings,  and  springs  at 
each  overhaul. 


REASSEMBLY 

Install  the  "O"  ring  and  backup  ring  in  the  groove  in 
the  outer  diameter  of  the  main  poppet  with  the  backup 
ring  toward  the  tapered  side  of  the  poppet. 

Slide  the  assembled  main  poppet  in  the  sleeve  poppet 
until  it  seats.  Install  the  piston  in  the  bore  of  the  poppet 
with  the  long  stem  through  the  bore.  Install  the  fine 
spring  over  the  short  stem  of  the  piston  in  the  counter- 
bore  of  the  main  poppet. 

Install  the  "O"  ring  in  the  groove  in  rhe  outer  diameter 
of  the  cap;  install  the  cap  in  the  valve  port  and  tighten 
securely.  Slide  the  assembled  main  poppet  and  sleeve 
poppet  into  the  cap,  taking  care  that  the  surface  of  the 
sleeve  poppet  is  not  damaged  as  it  passes  the  threads 
of  the  cap. 

Install  an  "O"  ring  in  the  large  diameter  groove  of  the 
plug  and  an  "O"  ring  and  backup  ring  in  the  small 
diameter  groove.  Install  the  backup  ring  toward  the 
center  of  the  plug.  Install  the  large  spring  over  the  end 
of  the  plug.  Install  the  partially  assembled  plug  in  the 
cap;  tighten  securely.  Make  sure  the  fine  spring  in  the 
main  poppet  enters  the  counterbore  of  the  plug. 

Install  the  pilot  poppet  in  the  plug  with  the  short  end 
of  the  poppet  through  the  bore  of  the  plug  and  seating 
in  the  bore.  Install  the  spring  around  the  long  end  of 
the  pilot  poppet. 

Loosely  install  the  adjusting  screw,  jam  nut,  and  two 
washers. 

Adjust  the  pressure  setting  of  the  fork  circuit  relief 
valve.  Install  the  acorn  nut. 


ADJUSTING   HOIST    CIRCUIT 
RELIEF  VALVE 

Install  a  3000  psi  pressure  gauge  in  the  14  -inch  port  in 
the  main  control  valve  just  to  the  right  of  the  name  plate. 

Remove  acorn  nut  and  loosen  jam  nut  from  main 
relief  valve.  See  Fig.  17. 

Start  and  run  the  engine  at  maximum  speed.  With  the 
lift  arms  down  move  the  fork  to  the  extreme  TIP 
BACK  position. 

Adjust  the  main  relief  valve  to  2000  psi  reading  on  the 
gauge.  Turn  the  screw  in  to  increase  the  pressure,  out 
to  decrease  the  pressure.  Tighten  the  jam  nut,  but  leave 
the  acorn  nut  and  washer  off  the  main  relief  valve. 

Remove  the  acorn  nut  and  loosen  jam  nut  on  the  hoist 
relief  valve.  Run  the  engine  at  maximum  speed.  Lift 
the  fork  to  the  extreme  raised  position  and  hold.  Ad- 
just hoist  circuit  relief  valve  to  1900  psi  reading  on  the 
gauge.  Tighten  the  jam  nut.  Turn  the  screw  in  to  in- 
crease pressure,  out  to  decrease  pressure.  Replace  wash- 
er and  acorn  nut  on  the  hoist  relief  valve. 

Lower  fork  enough   to  clear  the   ground. 

Run  the  engine  at  maximum  speed.  Move  the  fork  to 
the  extreme  TIP  BACK  position  and  hold.  Readjust 
main  relief  valve  to  1800  psi  reading  on  the  gauge. 
Tighten  the  jam  nut  and  replace  washer  and  acorn  nut 
on  main  relief  valve. 


11 


12 


1.  Acorn  nut 

2.  Adjusting  screw 

3.  Jam  nut 

4.  Cap 

5.  Spring 

6.  Poppet 

7.  "O"  ring 

8.  "O"  ring 

9.  Backup  ring 
10.  Poppet 


1  I.   Poppet 

12.  Piston 

13.  Spring 

14.  Spring 

15.  "O"  ring 

16.  Backup  ring 

17.  "O"  ring 

18.  Plug 

19.  Washer 


Fig.  20.     Hoist  Circuit  Relief  Valve,  Sectional  View 


Install  the  acorn  nut  on  the  main  relief  valve. 

Remove  the  pressure  gauge  and  line  'from  the  port  in  th 
main  control  valve. 


OVERHAUL  OF  HOIST  CIRCUIT 
RELIEF  VALVE 

Refer  to  Fig.  20  for  identification  of  parts. 

If  adjustment  of  the  hoist  circuit  relief  valve  does  nc 
provide  a  stabilized  pressure  at  1900  psi  and  the  troubl 
is  suspected  to  be  in  che  control  valve,  overhaul  th 
hoist  circuit  relief  valve.  Wire  brush  and  wipe  clea 
all  the  areas  around  the  control  valve  openings.  Bio 
all  dirt  and  scale  from  the  area  with  an  air  'hose. 

Overhaul  the  hoist  circuit  relief  valve  by  following  ir 
structions  in  the  overhaul  of  fork  circuit  relief  valv 
section.  Fork  and  hoist  valves  are  identical. 


levers  separately,  until  about  half  the  stroke  of  each 
cylinder  is  reached.  Return  levers  to  neutral  position 
and  repeat.  There  should  be  no  cylinder  drop  when 
levers  are  operated  again. 

Next,  with  cylinders  (lift  and  fork)  partially  extended 
and  control  levers  in  neutral  position,  turn  off  engine 
and  carefully  move  each  control  lever,  separately  to 
RAISE  (lift  arm  control  lever)  or  TILT  BACK  (fork 
control  lever)  position.  Lift  arms  and  fork  should 
remain  stationary.  If  they  do  not  remain  stationary,  the 
check  valve  in  the  lift  or  fork  hydraulic  circuit  (or 
both)  is  leaking  and  should  be  repaired. 

Another  more  precise  way  to  check  the  load  check 
valves  is  to  install  an  accurate  pressure  gauge  to  the 
cylinder  port  (lift  arm  or  fork)  that  is  controlled  by 
the  spool  or  plunger  being  tested. 

Start  engine;  actuate  the  plunger  until  full  relief  valve 
pressure  is  indicated  by  the  gauge.  With  full  relief  pres- 
sure (1650  psi  or  1100  psi,  fork  cylinders  extended 
only)  in  the  cylinder  port  and  the  plunger  in  operating 
position,  stop  the  engine  and  check  the  rate  of  pressure 
drop  at  the  cylinder  port. 

It  must  be  noted  that  this  pressure  drop  reflects  not  only 
the  leakage  past  the  load  check  valve,  but  also  at  the 
cylinder  packing  and  around  the  plunger. 

The  valve  spools  or  plungers  can  be  tested  in  a  similar 
manner  with  full  relief  pressure  in  the  cylinder  port, 
controlled  by  the  plunger  being  tested;  return  plunger 
ro  neutral  position.  The  rate  at  which  the  pressure  drops 
is  an  indication  of  leakage  past  the  plunger.  The  rate 
of  drift  of  the  cylinder  is  also  an  indication. 

In  performing  these  tests,  it  is  assumed  that  the  cylinder 
packings  have  been  recently  replaced  or  are  in  good 
condition. 


OVERHAUL  OF  CHECK  VALVES 

One  check  valve  is  used  for  each  spool.  To  remove 
parts  for  replacement  or  cleaning,  refer  to  Fig.  21  and 
the  procedure  that  follows. 

The  check  valves  are  of  the  poppet  type  and  are  spring 
loaded.  They  normally  require  very  little  service. 

The  check  valve  poppet  and  spring  are  retained  by  the 
check  valve  plug  and  may  be  removed  by  unscrewing 
the  plug.  Check  valve  malfunctioning  is  usually  the 
result  of  foreign  matter  lodging  between  the  seat  and 
poppet.  While  disassembled,  examine  seat  for  dirt  or 
metal  particles,  and  check  seating  surfaces  for  nicks  or 
scratches.  Minor  scratches  may  be  removed  by  lapping 
poppet  in  body  seat,  using  a  fine  grain  lapping  com- 
pound. Lap  seat  sufficiently  to  remove  defects.  Thor- 
oughly wash  valve  body  to  remove  all  traces  of  lapping 
compound.  Poppet  must  fit  loosely  in  plug. 


body  bores. 

To  install,  slide  poppet  in  body  bore  until  fully  seated. 

Next,  insert  spring.   Place  new  "O"  ring  on  plug  and 
install  until  plug  bottoms;  tighten. 


1.  Plug 

2.  "O"  ring 


3.  Spring 

4.  Poppet 


Fig.  21.       Check  Valve,  Sectional  View 


VOID  CONTROL  VALVE 

Two  void  control  valves  are  located  opposite  the  cylin- 
der relief  valve  at  the  bottom  of  the  control  valve.  To 
remove  parts  for  replacement  or  cleaning,  refer  to  Fig. 
22  and  the  procedure  that  follows: 

The  poppet  of  the  void  control  valve  is  hydraulically 
balanced.  When  sufficient  pressure  is  exerted  against 
the  shoulder  of  the  poppet  to  overcome  the  spring  pres- 
sure, the  poppet  is  forced  off  the  seat.  The  valve  nor- 
mally requires  very  little  service. 

Remove  the  plug,  spring,  and  assembled  poppet  from 
the  control  valve  port. 

Remove  the  stop  nut  from  the  poppet.  Remove  the 
spacer  from  the  poppet.  Remove  the  "O"  rings  and 
backup  ring  from  the  spacer.  Remove  the  "O"  ring 
from  the  internal  groove  of  the  stop  nut. 

Poppet  valve  malfunction  is  usually  the  result  of  foreign 
matter  lodging  between  the  seat  and  the  poppet.  Ex- 
amine the  seat  for  dirt  or  metal  particles,  and  check 
seating  surfaces  for  nicks  or  scratches.  Minor  scratches 
may  be  removed  by  lapping  poppet  in  body  seat,  using 
a  fine  grain  lapping  compound.  Lap  seat  sufficiently  to 
remove  defects.  Thoroughly  wash  valve  body  to  remove 
all  traces  of  lapping  compound. 


Replace  spring  if  it  is  broken,  weak,  or  distorted.  Re- 
place "O"  rings  when  reassembling. 

Install  a  new  "O"  ring  in  the  internal  groove  of  the 
stop  nut.  Install  an  "O"  ring  and  backup  ring  in  the 
outside  diameter  groove  of  the  spacer.  Make  sure  the 
backup  ring  is  toward  the  bottom  of  the  spacer  (end 
with  "O"  ring  groove).  Install  an  "O"  ring  in  the 
groove  at  the  bottom  of  the  spacer. 

Slide  the  spacer  on  the  poppet  with  the  "O"  ring  in 
the  bottom  groove  seating  against  the  shoulder  of  the 
poppet.  Install  the  stop  nut  on  the  threads  of  the  pop- 
pet. Tighten  against  the  spacer. 

Install  the  spring,  assembled  poppet  and  spacer,  and 
the  "O"  ring  on  the  plug.  Carefully  install  the  as- 
sembled plug  in  the  valve  port,  seating  the  poppet  in 
the  bore.  Tighten  the  plug. 


1.  Poppet 

2.  "O"  ring 

3.  Spacer 

4.  "O"  ring 

5.  "O"  ring 


6.  Stop  nut 

7.  Plug 

8.  Spring 

9.  "O"  ring 
10.  Backup  ring 


Fig.  22.       Void  Control  Valve,  Sectional  View 
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MAIN  HYDRAULIC  CONTROL  VALVE  ASSEMBLY 

(Model  3702-23F) 


Item       Part  No. 


Description 


No.  Req'd. 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35A 
36 
37 
38 
38A 
39 
40 
41 
42 
43 


2065547 


2034287 

6750558 
6750156 
6750556 
6750557 
6750334 
6750337 
6750590 
6750333 
6750335 
6750556 
6750578 
6750340 
6750338 
6750343 
6750344 
6750341 
6750342 
6750560 
6750576 
6750572 
6750573 
6750450 
6750562 
6750575 
6750570 
6750728 
6750568 
6750562 
6750565 
6750559 
6750574 
6750571 
6750567 
6750201 
2034287 
6750458 
2065329 
6750448 
2065330 
2065331 
2065332 
6750569 
6750561 


Valve  Assy.,  Main  Hydraulic 

Control  (Incl.  Items  1 

thru  85)       1 

Plug,  Pipe     1 

Housing,  Valve  (N.S.S.)  ..         1 

Poppet,  Check  Valve   3 

Spring,  Check  Valve  3 

"0"    Ring    3 

Plug,  Check  Valve    3 

Poppet,  Relief  Valve   1 

Ring,  Back-Up     2 

"0"  Ring         2 

Piston       

Spring     

"0"  Ring    

Plug,  Relief  Valve    

Poppet,  Relief  Valve  Pilot 

Spring     

Screw,  Adjusting     

Washer        

Nut     

Nut,  Acorn    

Guide,  Spring     

Insert       

Pin,  Plunger     

Sleeve     

Spacer      

Ball     3 

Insert     1 

Cam  2 

Spring        2 

Pin,  Plunger     1 

Ball        3 

Guide,  Spring     2 


Spring 

Ring,  Retaining 

Spacer 

Cap,   Plunger 

Screw,  Cap 

Plug,  Pipe 

Plug 

Piston 

"0"  Ring     .... 

Pin,  Guide 

Spring 

Washer 

Sleeve 

Plate,  Seal 


2 
2 
2 
2 
4 
1 

2 
2 
2 
2 
2 
2 
1 
2 


Item 

Part  No. 

Description                   No. 

Req'd. 

44 

6750564 

Wiper                

2 

45 

2030371 

"0"  Ring               

2 

46 

6750121 

Plug            

1 

47 

2031965 

"0"  Ring 

1 

48 

6750589 

Valve  Assy.,  Cylinder 

Relief  (Incl.  Items  49 

thru  66)          

2 

49 

6750556 

"0"  Ring    

4 

50 

6750592 

Cap                  

2 

51 

6750594 

Poppet 

2 

52 

6750337 

Ring,  Back-Up       

2 

53 

6750590 

"0"  Ring            

2 

54 

6750334 

Poppet       

2 

55 

6750333 

Piston                  

2 

56 

6750335 

Spring                     

2 

57 

6750596 

Spring        

2 

58 

6750591 

"0"  Ring             

2 

59 

6750595 

Ring,  Back-Up 

2 

60 

6750593 

Plug 

2 

61 

6750340 

Poppet                   

2 

62 

6750338 

Spring       

2 

63 

6750343 

Screw,  Adjusting 

2 

64 

6750344 

Washer                   

4 

65 

6750341 

Nut                         

2 

66 

6750342 

Nut,  Acorn            

2 

67 

Plunger,   Double  Acting 

Float  (N.S.S.)        

1 

68 

6750564 

Wiper                      

2 

69 

2030371 

"0"  Ring                

4 

70 

Plunger,  Double-Acting 

(N.S.S.)            

1 

71 

6750561 

Plate,  Seal              

2 

72 

6750176 

Screw,  Plate               

4 

73 

6750555 

Plug,  Relief  Valve     

1 

74 

6750556 

"0"  Ring 

1 

75 

6750554 

Sleeve,  Relief  Valve    

1 

76 

6750597 

Valve  Assy.,  Check  (Incl. 

Items  77  thru  85)  

2 

77 

6750598 

Plug    

2 

78 

6750556 

"0"Ring 

2 

79 

6750602 

Spring                  

2 

80 

6750601 

Nut                   

2 

81 

6750591 

"0"  Ring     

2 

82 

6750595 

Ring,  Back-Up      

2 

83 

6750599 

Spacer                   

2 

84 

6750336 

"0"  Ring 

2 

85 

6750600 

Poppet       

2 

(N.S.S.)      Not  Serviced  Separately.    Order  Item  A. 


TROUBLE 

PROBABLE  CAUSE 

REMEDY 

Sticking  plungers 

Excessively  higih  oil 
temperature. 

Eliminate  restriction  in  pipe 
lines  and  filtering  system. 

Dirt  in  oil. 

Change  oil  and  clean  system. 

Pipe  fittings  too  tight. 

Check  torque. 

Valve  warped  from  mounting. 

Loosen  valve  and  check. 

Excessively  high  pressure  in 
valve. 

Check  with  gauge  on  inlet 
and.  cylinder  lines. 

Handle  or  linkage  binding. 

Free  up  linkage. 

Plunger  bent. 

Replace  valve. 

Return  spring  damaged. 

Replace  faulty  parts. 

Spring  or  detent  cap  binding. 

Loosen  cap,  recenter  and 
retiglhten. 

Valve  not  thoroughly  warmed 
up. 

Let  system  warm  up. 

Leaking  seals 

Paint  on  or  under  seal. 

Remove  and  clean. 

Excessive  back  pressure. 

Dirt  under  seal. 
Scored  plunger. 
Loose  seal  plates. 
Cut  or  scored  seal. 

Open  or  enlarge  line  to 
reservoir. 

Remove  and  clean. 
Replace  valve. 
Clean  and  tighten. 
Replace  faulty  parts. 

Detent  control  fails 

Worn  detent  cairn. 

Replace  worn  parts. 

to  hold 

Spring  or  ball  broken  or 
deformed, 

Replace  damaged  parts. 

Excessive  vibration. 

Insulate  valve  and  handle 
linkage. 

Plunger  stroke  restricted. 

Check  linkage. 

Weight  of  lever  excessive. 

Check  linkage  and 
mechanism. 

Unable  to  move  plunger 

.Dirt  in  valve. 

Clean  and  flush  out. 

in  or  out 

Plunger  capful'l  of  oil. 

Replace  seals. 

Bind  in  linkage. 

Free  up  linkage. 

Load  will  not  hold 

Cylinder  leaking  of  worn. 

Check  cylinders. 

Oil  bypassing  valve  plunger. 

Replace  valve. 

Port  relief  valve  not  holding. 

Remove  and  clean. 

Load  drops  when  plunger 

Dirt  in  check  valve. 

Disassemble  and  clean. 

moved  from  neutral 

Scored  check  valve  poppet 
or  seat. 

Replace  poppet  or  lap  poppet 
to  seat. 

Poor  hydraulic  system 

Defective  pump. 

Check  pressure  or  replace. 

performance  or  railure 

Dirt  in  relief  valve. 

Disassemble  and  clean. 

Relief  valve  defective. 

Check  as  per  instructions. 

Worn  cylinders. 

Repair  or  replace. 

Load  too  heavy. 

Check  line  pressure. 

Internal  valve  crack. 

Replace  valve. 

Plunger  not  at  full  stroke. 

Check  movement  and  linkage. 

Oil  low  in  reservoir. 

Add  oil. 

Systems   filters  clogged. 

Clean  or  reolace. 

REMOVING  MAIN  HYDRAULIC  PUMP 
FROM  MACHINE 

Thoroughly  clean  the  area  around  the  main  pump 
mounting  on  the  torque  converter.  Drain  the  hydraulic 
reservoir. 

Disconnect  the  inlet  and  outlet  lines  to  the  main  hy- 
draulic pump. 

Remove  the  bolts  and  lockwashers  that  secure  the  pump 
to  the  torque  converter.  Pull  straight  out  on  the  hy- 
draulic pump  to  disengage  the  splines  from  the  torque 
converter  gear. 

Remove  the  hydraulic  pump  to  a  clean  bench  for  dis- 
assembly. 


Index  mark  the  port  and  cover  (16),  gear  housing  (22' 
and  shaft  end  cover  (12)  to  facilitate  reassembly. 

Remove  the  cap  screws  (15)  and  washers  (15A)  th; 
secure  the  port  end  cover  (16)  and  gear  housing  (22 
to  the  shaft  end  cover  (12).  Lift  off  the  assembled  poi 
end  cover  (16),  thrust  plate  (19),  pocket  seals  (18 
roller  bearings  (17),  and  "O"  ring  (21). 

Remove  the  drive  and  driven  genr  set  (20)  and  the  gee 
housing  (22)  from  the  shaft  end  cover  (12).  Be  sure  t 
keep  the  gears  together  as  they  are  a  matched  set.  R< 
move  the  "O"  ring  (21)  from  the  groove  in  the  ge^ 
housing.  Remove  the  thrust  plate  (19),  roller  bearing 
(17),  spring  (14),  and  shaft  bushing  (13).  Remove  an 
discard  the  pocket  seals  (18). 


MAIN  HYDRAULIC  PUMP  DISASSEMBLY 

Refer  to  the  main  Hydraulic  pump  illustration  for  ident- 
ification of  parts. 


SHAFT  END  COVER  DISASSEMBLY 

Remove  the  snap  ring   (1)    from  the  drive  side  of  th 
cover. 


shaft. 


MAIN  HYDRAULIC  PUMP  INSPECTION 

Discard  all  "O"  rings,  oil  seals,  and  pocket  seals.  Re- 
place with  new  parts  during  reassembly. 

Wash  all  parts  in  clean  mineral  oil  solvent.  Dry  parts 
thoroughly  and  lay  them  on  a  clean,  lint-free  surface. 

CAUTION:  Never  use  an  air  hose  on  or  near  exposed 
parts  because  of  the  presence  of  water  and 
dirt  in  the  air  system.  Because  of  fire  haz- 
ards and  insurance  regulations,  we  do  not 
recommend  gasoline  or  other  volatile  sol- 
vents such  as  naphtha,  benzene,  etc.,  for 
cleaning  parts.  Less  flammable  fluids  such 
as  kerosene  or  mineral  spirits  must  be 
used.  Never  spin  dry  bearings  using  com- 
pressed air. 

Lubricate  the  roller  bearings  with  light  oil  and  check 
them  for  freeness  of  rollers,  pits,  broken  rollers,  or 
excessive  wear.  Replace  if  damaged. 

Check  the  thrust  bearing  roller  for  excessive  wear  and 
for  pitting  of  the  rollers,  check  the  thrust  bearing  races 
for  wear  or  pits.  Replace  both  parts  if  either  is  damaged. 
Inspect  the  edges  of  the  gear  teeth  and  faces  for  scoring 
and  roughness.  If  possible,  remove  roughness  or  scoring 
with  an  India  stone.  Inspect  gear  hubs  at  the  bearing 
points.  If  wear  exceeds  .001  inch  of  the  hub  diameter, 
replace  the  gears.  Gears  are  manufactured  matched  sets 
and  must  be  replaced  as  a  set,  not  as  individual  gears. 
Remove  any  roughness  from  the  machined  surfaces  of 
the  shaft  end  cover,  gear  housing,  and  port  end  cover. 
Replace  components  if  roughness  is  excessive.  Measure 
the  gear  housing  bores.  Replace  gear  housing  if  wear 
exceeds  .006  inch. 

Check  thrust  plates  for  erosion  paths  at  the  center, 
wear  of  the  relief  grooves,  and  wear  of  the  running 
surfaces.  Excessive  wear  is  usually  caused  by  using  con- 
taminated oil  in  the  hydraulic  system. 

If  any  parts  were  repaired  with  the  use  of  a  stone,  wash 
the  parts  after  repair  to  remove  all  traces  of  abrasives. 

NOTE:  If  either  the  gears  or  roller  bearings  have  been 
replaced  because  of  excessive  wear,  it  is  good 
practice  to  replace  both  gears  and  bearings. 
Replacement  of  one  part  and  not  the  other  will 
cause  premature  failure  of  the  new  part  because 
it  will  have  to  conform  to  the  wear  pattern  of 
the  old  part.  If  gears  and  bearings  are  replaced 
because  of  wear,  carefully  check  the  low  pres- 
sure side  of  the  housing  bore.  In  most  cases  it 
will  be  necessary  to  replace  the  gear  housing 
along  with  the  gears  and  bearings. 


roller  bearings  are  lubricated  with  light  oil 
before  reassembly.  Pack  the  thrust  bearing 
roller  with  calcium  base,  ball  bearing  grease  of 
No.  2  consistency. 

Press  the  double  lip  seal  (3)  into  the  bearing  sleeve  (4), 
press  the  roller  bearing  (5)  into  the  bearing  sleeve  and 

assemble  to  drive  shaft  (2).  Install  "O"  ring  (6)  on  the 
bearing  sleeve.  Place  the  thrust  bearing  race  (7),  thrust 
bearing  roller  (8)  and  thrust  bearing  race  on  the  shaft. 
Install  the  snap  ring  retainer  (9)  and  snap  ring  (10). 
Insert  the  assembled  shaft  into  the  shaft  end  cover 
(12).  Replace  snap  ring  (1). 

Place  the  assembled  shaft  end  cover,  gear  side  up,  in  a 
vise  with  soft  jaws.  Install  the  shaft  bushing  (13)  and 
spring  (14)  on  the  drive  shaft  (2).  Be  sure  the  bearing 
bores  are  clean;  then  install  the  two  roller  bearings  (17) 
into  the  cover  (16). 

Place  a  small  amount  of  heavy  grease  into  the  middle 
slot  in  the  open  face  of  the  thrust  plate  (19)  and  insert 
pocket  seal  (18).  Place  the  thrust  plate  with  the  four 
pocket  seal  slots  toward  the  shaft  end  cover  (12)  over 
the  bearings.  Check  to  see  that  the  pocket  seal  in  the 
center  slot  is  still  in  place  and  tap  the  thrust  plate  into 
position  until  a  clearance  of  1/32  inch  is  left  between 
the  thrust  plate  and  shaft  end  cover. 

Into  each  of  the  four  open  slots  in  the  thrust  plate  ( 19), 
insert  a  pocket  seal  (18).  Be  sure  to  push  each  seal  into 
the  slot  so  that  the  hidden  ends  are  in  contact  with  the 
roller  bearing  races.  Tap  the  assembled  thrust  plate  into 
position  and  trim  away  the  excess  from  the  exposed  ends 
of  the  pocket  seals  with  a  razor  blade  or  sharp  knife. 
Be  sure  to  trim  the  exposed  ends  of  the  pocket  seals 
square  and  flush  with  the  thrust  plate. 


PORT  END  COVER  REASSEMBLY 

Install  the  two  roller  bearings  (17)  into  their  respective 
bores  in  the  port  end  cover  (16)  if  they  were  removed. 
Place  a  small  amount  of  heavy  grease  in  the  middle  slot 
of  the  thrust  plate  (19)  and  insert  the  pocket  seal  (18). 
Place  the  thrust  plate  with  the  four  pocket  seal  slots 
toward  the  port  end  cover  (16)  over  the  roller  bearings. 
Check  to  see  that  the  center  pocket  seal  is  still  in  place. 
Tap  the  assembled  thrust  plate  into  position  with  a  soft 
hammer,  leaving  a  clearance  of  approximately  1/32 
inch  between  the  thrust  plate  and  port  end  cover. 

Into  each  of  the  four  open  slots  in  the  thrust  plate  (19), 
insert  a  pocket  seal  (18).  Be  sure  to  push  each  seal  into 
the  slot  so  that  the  hidden  ends  are  in  contact  with  the 
roller  bearing  races.  Tap  the  assembled  thrust  plate 
into  position  and  trim  away  the  excess  from  the  exposed 
ends  of  the  pocket  seals  with  a  razor  blade  or  sharp 
knife. 
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MAIN  HYDRAULIC  PUMP 


l.tem 

Part  No. 

Description 

No.  Req'd. 

A 
1 

2060274 
6800021 

Main  Hydraulic  Pump 
(Incl.  Items  1  thru  22) 
Ring,  Snap 

1 
1 

2 

6800005 

Shaft,  Drive 

1 

3 

6800018 

Seal,  Double  Lip 

1 

4 

6800187 

Sleeve,  Bearing 

1 

5 
fi 

6800186 
6800020 

Bearing,  Roller    
"0"  Ring 

1 
1 

7 
8 
9 
10 
11 

6800013 
6800012 
6800002 
6800003 
6800015 

Race,  Thrust  Bearing 
Roller,  Thrust  Bearing    .... 
Retainer,  Snap  Ring    
Ring,  Snap   
Screw,  Set         

2 
1 
1 
1 
1 

Item        Port  No. 


Description 


No.  R 


12 

6800022 

Cover,  Shaft  End 

1 

13 
14 
15 

6800016 
6800017 
6800262 

Bushing,  Shaft  
Spring 
Bolt                   

1 
1 

4 

ISA 

6800000 

Washer           

4 

16 
17 
18 
19 
20 

21 
22 

6800011 
6800010 
6800006 
6800008 
6800246 

6800261 
6800244 

Cover  Assy.,  Port  End 
Bearing,  Roller         
Seal,  Pocket      
Plate,  Thrust     
Gear,  Drive  &  Driven 
(Matched  set  of  2)      .. 
Gasket,  "0"  Ring    
Housing,  Gear 

1 
4 
.       12 
2 

1 
2 
1 

MAIN  HYDRAULIC  PUMP  REASSEMBLY 

Place  the  assembled  shaft  end  cover  in  a  vise  with  soft 
jaws,  gear  side  up.  Install  the  drive  gear  of  the  gear  set 
(20).  Stone  the  gear  ends  before  installation  to  remove 
any  minute  burrs. 

Install  a  pregreased  "O"  ring  (21)  into  the  groove  in 
the  gear  housing  (22). 

Place  the  gear  housing  (22)  over  the  gear  set,  lining  up 
the  index  marks  and  tapping  into  position  with  a  soft 
hammer.  Be  careful  not  to  pinch  the  "O"  ring  when 
positioning  the  housing.  Install  the  driven  gear  of  the 
gear  set  (20)  into  its  respective  roller  bearing  bore. 
Pour  a  small  amount  of  oil  over  the  gears  to  provide 
initial  lubrication  when  putting  the  pump  back  into 
service. 

Coat  the  exposed  face  of  the  port  end  cover  (12)  with 
a  thin  layer  of  heavy  grease.  Install  the  previously 
lubricated  "O"  ring  (21)  into  its  groove  in  the  gear 
housing  (22). 

Install  the  port  end  cover  assembly  on  the  gear  housing. 
Hubs  of  gears  fit  into  the  roller  bearings  (17),  and  the 
thrust  plates  (19).  Use  a  soft  hammer  to  seat  the  port 
end  cover  assembly.  When  installing  the  cover,  be  sure 
to  line  up  the  index  marks  and  be  careful  not  to  pinch 
the  "0"  ring. 


Thread  the  four  cap  screws  (15)  with  washers  (15 A) 
into  the  shaft  end  cover.  Tighten  the  four  cap  screws 
alternately  to  200  ft.  Ibs.  of  torque.  Rotate  the  shaft  by 
hand  or  with  a  6-inch  wrench.  Protect  the  shaft  splines 
when  using  a  wrench. 

CAUTION:  After  tightening  the  cap  screws  to  their 
specified  torque,  be  sure  the  drive  shaft 
is  easily  rotated. 

If  the  shaft  does  not  rotate  easily,  it  is  an  indication  that 
the  gears  are  binding.  Disassemble  the  pump  until  the 
trouble  is  located. 

Remove  the  assembled  pump  from  the  vise  and  turn  it 
over  so  that  the  splined  end  of  the  shaft  is  up.  Insert 
snap  ring  (1 ) . 


INSTALLING  MAIN  HYDRAULIC  PUMP 
ON  MACHINE 

Make  sure  the  area  around  the  pump  mounting  pad  of 
the  torque  converter  is  clean.  Position  the  main  hy- 
draulic pump  on  the  torque  converter  and  secure  with 
bolts,  and  lockwashers.  Connect  the  intake  and  dis- 
charge lines  to  the  pump.  Fill  the  hydraulic  reservoir 
with  hydraulic  oil  as  directed  in  the  lubrication  section. 


steering  cylinders,  an  external  niter,  ana  roiiow-up 
linkage. 

The  steering  cylinders  turn  the  frame  sections.  The 
steering  cylinders  are  actuated  by  the  steering  control 
valve,  located  in  the  front  frame  section,  which  is  con- 
trolled by  the  steering  gear.  A  mechanical  followup 
linkage  is  used  to  give  the  operator  automotive  steering 
"feel." 

Hydraulic  oil  for  steering  is  provided  by  the  dual  hy- 
draulic pump.  The  demand  valve  controls  the  amount 
of  hydraulic  oil  the  steering  control  valve  requires.  The 
hydraulic  oil  is  supplied  from  the  main  hydraulic  reser- 
voir mounted  behind  the  operator. 

Full  steering  power  is  available  at  low  engine  RPM  as 
well  as  high  engine  RPM,  When  turning  the  machine, 
the  hydraulic  power  is  used  to  turn.  Comoletinjj  the 
turn  and  the  operator  wishes  to  lift  the  fork  load,  the 
hydraulic  power  is  then  shifted  to  the  main  hydraulic 
circuit  thus  allowing  the  operator  to  lift  the  fork 
load  without  oversteering  the  machine. 

The  steering  hydraulic  system  is  designed  to  give  long, 
trouble-free  service  if  properly  taken  care  of.  Special 
attention  is  given  during  manufacturing  and  shipping 
to  insure  this  service. 

Study  the  following  sections  of  the  steering  system 
carefully  to  understand  the  service  and  repair  of  each 


SERVICE  AND  REPAIR 

There  may  be  occasions  when  the  steering  hydraulic 
system  will  not  function  properly.  This  will  result  in 
jerky  or  erratic  steering,  part-time  power  steering  or  no 
powef  steering  at  all.  When  this  trouble  occurs,  a  careful 
inspection  should  be  made  of  all  external  hose  connec- 
tions and  hoses  for  leakage.  Next  check  the  level  in  the 


aence  or  leakage  is  luuna,  replace  LUC  ucic^nvc  p<ui 
or  tighten  a  loose  connection.  Take  care  not  to  over- 
tighten  connections  since  this  may  damage  the  "O"  ring 
seal  and  increase  leakage.  If  inspection  does  not  reveal 
an  obvious  cause  of  the  trouble  or  if  the  correction  of 
obvious  troubles  found  does  not  correct  the  system 
trouble,  it  may  be  necessary  to  replace  or  disassemble 
individual  units  of  the  system.  To  isolate  the  trouble 
to  the  unit  at  fault,  proceed  as  directed  in  the  trouble 
shooting  section. 


HOSE  REPLACEMENT 

Replacement  of  hoses  found  to  be  defective  will  cause 
serious  damage  if  they  are  not  installed  in  the  correct 
location.  Correct  location  of  hoses  should  first  be  deter- 
mined before  they  are  removed  from  their  original 
position.  See  the  steering  hydraulic  system  installation 
diagram  for  correct  hose  installation. 

CAUTION:  Before  work  is  performed  between  the 
machine  front  and  rear  sections,  install 
safety  link  on  both  sides  of  the  machine. 
See  Fig.  5. 


TROUBLE  SHOOTING 

Steering  system  filter — Check  cleanliness; 

See  filter  service  section. 

Steering  pump — Replace  defective  pump 
Steering   demand    valve — Replace   defective   valve. 
Steering   valve — Replace  defective  valve. 

Steering  cylinders — See  adjustment  of  cylinder  packing. 
See  the  steering  cylinder  trouble 
shooting  table.  See  overhaul  of 
steering  cylinders. 


STEER  CYLINDER  OVERHAUL 


Do  not  disassemble  either  cylinder  further  than  neces- 
sary to  correct  a  malfunction.  During  disassembly, 
special  attention  should  be  given  to  identification  of 
parts  for  proper  reassembly. 

Cleanliness  is  of  the  utmost  importance.  Place  all  dis- 
assembled parts  on  a  clean,  lint-free  surface. 

Steer  cylinder  repair  kit, Part  No. 6955189 


contains  all  the  sealing  elements;  each  item  may  be 
identified  by  checking  the  steering  cylinder  illustration. 

Before  attempting  to  remove  either  cylinder,  the  ma- 
chine must  be  on  level  terrain  with  the  complete  bottom 
of  fork  tines  on  the  ground. 

NOTE:  Each  time  a  cylinder  is  rebuilt,  we  recommend 
that  the  hydraulic  oil  be  changed.  We  further 
recommend  that  cylinders  be  rebuilt  in  pairs. 
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es    cs 


2033644 


5  2031490 
5A  2031391 
5B  2031617 

6  2067673 
6A  2003074 
6B  6951986 

7  2038901 

7  A  2031964 
•'  2031929 

8  A  2031963 

y  ..  .  _ 

10  2067680 
IDA  6952001 
'01!  6951989 
IOC  2033306 

11  2031952 

12  2032823 

13  2062379 

14  2033517 
14A  2035686 

15  -- 

16  2032007 

17  2059923 

18  - 


20  2031985 

21  2033249 

22  2031473 
22A  2031391 
22 B  2039028 

23  2065883 

24  

2044118 
2044117 
2065510 
2065879 
2033315 
29A  2031477 
29B  2031391 

30  2031937 

30A  2031960 

31  2067674 
31 A  6951987 

32  2031926 


Filter  (See  Sep.  Illus.) 

Nipple,  Close  1 

Reservoir  Assy.  (See  Main 

Hydraulic  System) 
Bolt  3 

Washer,  Lock  3 

Nut  3 

Hose      1 

Elbow,  90°        1 

End,  Hose  2 

Adaptter,  Straight     (Incl. 

Item  7A)          

"0"  Ring     

Elbow,  90°  (Incl.  ItemSA) 
"0"  Ring 
Valve,  Demand 

(See  Sep.  Illus.) 
Hose,  Valve  to  Filter 
End,  Hose  at  Steer  Valve 
End,  Hose  at  Elbow 

"0"  Ring       1 

Spring  2 

Clip  4 

End,  Rod  1 

Nut,  Jam      1 

Washer,  Lock  1 

Anchor  Assy.     ( Reference 

Only) 
Elbow,  90°  2 

Line,  Grease       2 

Cylinder,  Steer     (See  Sep. 

Illus.) 
Valve,  Steer 

(See  Sep.  Illus.) 

Adapter,  Straight  2 

Fitting,  Grease  4 

Bolt  4 

Washer,  Lock    4 

Washer,  Flat      4 

Pin  Assy 4 

Steer  Cylinder  Pivot 

(Reference  Only) 
Spacer  AR 

Spacer  AR 

Spacer       4 

Nut      4 

Half,  Flange  6 

Bolt  12 

Washer,  Lock  12 

Elbow,  45°   (Incl.   Item 

30A)  2 

"0"Ring   2 

Hose,  Valve  to  Cylinder      2 
End,  Hose  4 

Elbow,  90°  (Incl.  in  Item 

33A)   2 


33   2060264 


34 

35 

35A 

35B 

36 

36A 
36  B 

36C 

37 

38 

38A 

39 

40 

40A 

40B 

40C 

41 

41A 

42 

42A 

43 

43A 

44 

44A 
44B 

45 

45A 

46 

46A 
46B 

46C 

47 

47A 
48 

49 

50 

51 

52 

53 

54 

55 

56 

56A 

57 

58 


2033305 
2031492 
2031391 
2031617 
2067679 

6951994 
6951996 

2033305 
2033316 
2031500 
2031392 
2032041 
2031475 
2032960 
2031391 
2031617 
2067675 
6951987 
203201 1 
2031960 
2065590 
2031960 
2067678 

6951988 
6951986 

2031940 
2031963 
2068049 

69519% 
2031929 
2031963 
2031929 

2031963 


2031963 
20601 1 1 
2032039 
2039149 
2060302 
2033267 
2043819 
2044343 
2031391 
2059375 
2032040 


Adapter,  Flange  (Incl. 

Item  34)  2 

"0"  Ring  2 

Bolt  3 

Washer,  Lock  (N.I.)  3 

Nut  (N.I.)    3 

Hose,  Demand  Valve  to 

Steer  Valve    1 

End,  Hose  at  Steer  Valve  1 
End,  Hose  at  Demand 

Valve  1 

"0"  Ring  1 

Half,  Flange  2 

Bolt  4 

Washer,  Lock  4 

Clamp,  Hose  2 

Bolt  2 

Washer,  Flat  2 

Washer,  Lock  2 

Nut  2 

Hose  2 

End,  Hose  4 

Elbow,  90°     4 

"0"  Ring  (N.I.)    4 

Adapter  4 

"0"  Ring  4 
Hose,  Demand  Valve  to 

Main  Control  Valve  1 
End,  Hose  at  Main 

Control  Valvs  1 
End,  Hose  at  Demand 

Valve  1 

Elbow,  45°  1 

"0"  Ring  (N.I.)  2 
Hose,  Pump  to  Demand 

Valve    1 

Elbow,  90°  (Incl.  Item  6C)  1 

End,  Hose  2 

"0"  Ring  1 
Elbow,  90°    (Incl.  Item 

47A)  1 

"0"  Ring  1 
Pump,  Steer  (See  Sep. 

Illus.)  1 

"0"  Ring  2 

Insert,  Beaded  2 

Clamp,  Hose  4 

Hose     2 

Suction  Manifold  Assy.  ...  1 

Gasket     1 

Adapter,  Pump  Drive    1 

Bolt  6 

Washer,  Lock     6 

Hose  1 

Clamp,  Hose  2 


Not  Illustrated 


AR     As  Required 
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STEERING  CYLINDER 

(Two  Cylinders  Used  per  Machine.  Quantities  Shown  are  for  One  Cylinder.) 


Item        Part  No. 


Description 


No.  Req'd. 


A 
B 

1 
2 

2059963 
6955189 

2057986 
6700331 

Steering  Cylinder  Assy. 
(Incl.  Items  1  thru  17) 
Kit,  Cylinder  Repair  (Incl. 
Items  5,  6,  7,  9,  10,  12 
&  17) 
Bushing 
Body  Assy.        

1 

1 
1 
1 

2A 
3 
4 
5 
6 

2033383 
2032989 
6700204 
6700213 
2030371 

Plug,  Pipe 
Nut,  Esna 
Piston  Half 
Packing,  Piston 
"0"  Ring 

4 
1 
1 
2 
1 

Item 

Part  No. 

Description                   No.  Req 

7 
8 
9 
10 
II 
12 
13 
14 
14A 
15 
16 
17 

6700212 
6700205 
6700210 
6700209 
6700333 
6700334 
2040115 
6700352 
2031389 
6700332 
2057986 
2040116 

Bearing,  Piston    
Piston  Half  
"0"Ring  
Ring,  Bock-Up  
Stuffing  Box    
Pocking,  Rod 
Nut,  Packing       
Screw             ..          

Washer,  Lock  
Rod  Assy.      
Bushing              
Wiper      

TP6S9 


STEERING  HYDRAULIC  FILTER 


Part  No. 

Description 

No. 

Req'd. 

2048624 
6955057 

6950365 
i     6951374 
6950364 

Filter  Assy.    (Incl. 
1  thru  12) 
Kit,  Gasket    (Incl. 
5,  8&10)      .. 
Ring,  Retaining 
Washer 
Spring     

Items 
Items 

1 

1 
1 

1 
1 

6950363 
6955169 

Poppet    
Kit,    Element    (Incl 

5)    

.  Item 

1 
1 

Item 

Part  No. 

Description                    No.  Req'd. 

5 
6 
7 
8 
9 
10 
11 
12 

Gasket  (N.S.S.)      
Base 
Body    
Gasket  (N.S.S.)      
Plug  (When  Used)    

6950357 
6951372 

6950359 
6951373 
6950362 
6950361 

Gasket    
Bolt 

Spring 

.S. )     Not  Serviced  Separately 
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REMOVING  STEER  CYLINDER 
FROM  MACHINE 

Refer  to  hydraulic  steering  illustration, 
for  identification  of  parts. 

Disconnect  the  hose  connections  at  front  and  rear  of 
the  cylinder. 

Provide  a  means  of  holding  and  moving  the  cylinder 
after  removal.  A  chain  hoist  or  sufficient  manpower 
would  be  suitable.  Allowing  the  cylinder  to  drop  could 
result  in  damage  to  the  cylinder  or  injury  to  persons 
working  on  the  machine. 

Remove  the  bolts  and  washers  securing  pin  assemblies 
(24)  and  lock  plates  (28),  to  the  bosses  on  the  steer 
cylinder  pivots  at  both  the  head  and  rod  assembly  ends. 
Remove  the  pin  assemblies. 


STEER  CYLINDER  DISASSEMBLY 

Refer  to  steering  cylinder  illustration  for  identificatioi 
of  parts. 

During  disassembly,  clean  all  parts  except  sealin] 
elements  in  clean  mineral  oil  solvent.  After  dryinj 
thoroughly,  lay  parts  on  a  clean,  lint-free  surface  fo 
inspection.  Never  use  an  air  hose  on  or  near  the  expose< 
parts  because  of  the  presence  of  water  and  dirt  in  th 
system. 

Pull  rod  assembly  (15)  to  its  full  extension;  use 
spanner  wrench  to  unscrew  and  remove  stuffing  bo 
(11)  from  the  cylinder.  During  and  after  this  opera 
tion,  the  rod  assembly  must  be  held  by  hand,  in  th 
center  of  the  cylinder  (2),  to  protect  the  inner  walls  o 
the  cylinder  from  being  scratched  by  the  assemble! 
piston  (4)  and  (8). 


STEERING  CYLINDER 
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Pull  the  rod  assembly  and  piston  assembly  from  the 
cylinder  by  hand,  being  very  careful  not  to  scratch  the 
inner  walls.  Keep  rod  assembly  in  the  center  diameter 
of  the  cylinder.  Place  the  head  end  of  the  rod  assembly 
in  a  machinist's  vice,  using  protective  jaws. 

Remove  nut  (3),  piston  halves  (4)  and  (8)  with  piston 
packing  (5),  "O"  ring  (6),  and  piston  bearing  (7) 
from  rod  assembly  (15). 

Remove  the  "O"  ring  (9)  and  backup  ring  (10)  from 
the  stuffing  box  (11). 

Remove  the  rod  assembly  from  the  vise.  Place  the  stuff- 
ing box  (11)  in  the  vise  and  remove  set  screw  (14)  and 
lockwasher  (14A). 

Using  a  spanner  wrench,  unscrew  packing  nut  (13)  and 
remove  from  stuffing  box  (11).  Use  a  hook  scriber  or 
suitable  tool  to  remove  wiper  ring  (17)  from  packing 
nut.  Remove  packing  (12). 

STEER  CYLINDER  INSPECTION 

Discard  all  sealing  elements  and  replace  with  new. 

Check  each  disassembled  part  for  wear,  cracks  or  pitting 
that  would  render  them  unfit  for  further  use.  Pay  par- 
ticular attention  to  the  inner  walls  of  the  steering  cyl- 
inder and  the  surface  of  the  rod  assembly. 

Inspect  the  pin  assemblies  (24)  for  wear  or  scoring; 
replace  if  necessary. 

Inspect  the  bushing  (1)  and  (16)  and  replace  if  worn, 
scored  or  loose. 

STEER  CYLINDER  REASSEMBLY 

Coat  each  part  with  a  film  of  clean  hydraulic  oil  to 
facilitate  reassembly.  Prior  to  assembly,  liberally  coat  all 
sealing  elements  with  petroleum  jelly. 

Replace  backup  ring  (10)  and  "O"  ring  (9)  on  stuffing 
box  (II). 

Place  stuffing  box  in  vise  and  install  packing  (12). 
Work  each  ring  down  smoothly  without  distortion  or 
damage.  Be  very  careful;  a  damaged  ring  must  be  dis- 
carded and  a  new  set  purchased.  Use  a  flat  tool  to  work 
in  the  new  rings,  taking  care  riot  to  cut  the  rings  or 
damage  the  stuffing  box  threads.  Install  packing  nut 
(13)  with  wiper  ring  (17). 

Remove  stuffing  box  from  vise.  Place  rod  assembly  (15) 
in  vise.  Slide  stuffing  box  onto  rod  assembly.  Install 
piston  half  (8)  on  the  rod  until  it  bottoms.  Install  "O" 
ring  (6)  in  the  piston  half  recess. 

Place  one  set  of  packing  (5)  snugly  in  piston  half. 

Place  one  set  of  packing  (5)  snugly  in  the  piston  half 
(4)  and  install  the  piston  on  the  rod  assembly. 

Install  the  halves  of  the  piston  bearing  (7)  between 
the  piston  halves  (4)  and  (8).  Turn  nut  (3)  on  the  rod 
assembly  and  tighten  to  30  Ib.  ft.  torque. 

Remove  the  rod  assembly  from  the  vise,  with  the  cylin- 
der (2)  held  securely,  place  the  piston  and  rod  assembly 
in  the  center  of  the  diameter  and  push  the  piston  and 
rod  firmly  in,  being  careful  not  to  scratch  the  inner 


Now  that  the  piston  is  in  the  cylinder,  oil  the  inner 
cylinder  walls  again  and  install  the  stuffing  box  (11), 
being  careful  not  to  unseat  the  "O"  ring  (9),  or  backup 
ring  (10).  Very  carefully  push  the  piston  in  until  it 
bottoms  on  the  base  of  the  cylinder.  Use  a  spanner 
wrench  to  tighten  stuffing  box  securely.  Draw  packing 
nut  (13)  up  snugly  with  spanner  wrench.  A  properly 
adjusted  nut  will  allow  a  light  film  of  oil  to  remain  on 
the  rod  assembly  as  it  is  drawn  out  of  the  cylinder. 

Replace  lockwasher   ( 14A)  and  set  screw  (14). 

By  means  of  a  chain  hoist  or  sufficient  manpower  lift 
the  cylinder  into  position. 

Replace  the  pin  assemblies  (24)  and  lock  plates  (28) 
to  the  bosses  on  the  steer  cylinder  pivots  at  both  the 
head  and  rod  assembly  ends.  Secure  the  pin  assemblies 
by  replacing  the  bolts  and  washers. 

Drain  the  hydraulic  oil  and  refill  the  system  whenever 
a  cylinder  is  replaced.  Lubricate  the  mounting  bushings; 
refer  to  the  lubrication  section. 

Each  time  the  steering  cylinders  are  rebuilt,  the  steering 
hydraulic  system  must  be  bled  to  remove  air  present 
in  the  system.  Two  bleeder  plugs  have  been  provided, 
one  on  each  end  of  the  steering  cylinders  for  this  pur- 
pose. Make  up  oil  added  to  the  reservoir  after  bleeding 
must  be  clean  new  oil. 


DEMAND    VALVE    ASSEMBLY 

Refer  to  the  demand  valve  illustration 
for    identification    of   parts. 

The  demand  valve  is  pre-set  at  the  time  of  manufac- 
ture and  should  not  require  additional  adjustment. 

Should  the  demand  valve  be  suspected  of  being  defec- 
tive, the  valve  should  be  disassembled,  cleaned  and  all 
parts  inspected  for  wear. 

Replace  all  seals  and  defective  parts. 

When  removing  cap  (8)  do  not  remove  or  tamper  with 
adjusting  screw  (11)  or  nut  (10). 

Stool  (2)  and  housing  (1)  are  machined  together  and 
cannot  be  re-matched  to  other  parts. 

Replace  complete  valve  if  these  parts  are  defective. 

STEERING    CONTROL    VALVE 

Refer  to  the  steering  valve  illustration 
for  identification  of  parts. 

The  steering  valve  assembly  is  pre-set  at  time  of  manu- 
facture and  normally  will  not  require  periodic  adjust- 
ment. 

In  the  event  trouble  is  suspected  in  the  valve  assembly, 
refer  to  the  trouble  shooting  chart  to  define  trouble  and 
remedy.  Should  this  not  correct  the  problem,  perform, 
the  following  operations: 

Remove  the  main  poppet  assembly  (15)  and  replace 
with  new  poppet. 

Remove  the  left  and  right  turn  poppets  (4)  and  replace 
with  new  poppets. 

After  replacing  the  directional  and  main  poppets'  if  the 
valve  does  not  function  correctly,  the  complete  valve 
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16 


17 
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Item 

Part  No. 

Description                   No.  Req'd. 

A 
1 
2 

3 

4 
5 
6 
7 
8 
8A 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

2060265 

Demand  Valve  Assy.  (Incl. 
Items  1  thru  17)                     1 
Housing    (N.S.S.  Order 
Item  A)                   ...              1 

• 

r 

6750640 
6750631 
6750639 
6750632 
6750635 
6750634 
2040148 
6750637 
2033517 
6750636 
2031501 
6750139 
6750633 
6750459 
6750638 
6750068 
2040148 

Plunger    (N.S.S.  Order 
Item  A)    
Ring,  Retaining    

"O'f  Ring     1 

Sprina 

Guide,  Spring    1 
"O"  Ring         

Cover 

"O"  Ring  (N.I.)      

Nut,  Acorn        

Nut,  Jam                  

Screw,  Adj.                      .  . 

Capscrew 

Washer,  Lock 

Cap 

"O"  Ring    
Sprina 

Check   
"O"  Ring     

N.S.S. )     Not  Serviced  Separately 


(N.I.)     Not  Illustrated 


to 


i        Part  No. 

Description                   No. 

Req'd. 

Item 

Part  No. 

Description 

No.  Req'd. 

2060272 

Steering  Valve  Assy., 

16 

6750027 

"0"  Ring       

1 

6955215 

(Incl.  Items  1  thru  36) 
Service  Kit,    Main  Relief 

Vnlui.       I  \nt-l       It-ante     14 

1 

17 
18 
10 

6750669 
6750645 

Ring,  Sq. 
Seat 

Plnnnar       (  KI  *\  *v     C\rAar 

1 
1 

6955216 

15,  16,  17  &  18)    
Service   Kit,    Relief  Valve 
(Incl.  Items  4,  6  &  8)  . 
Housing    (N.S.S.  Order 
Item  A) 

1 
2 
1 

20 
21 
22 
23 

6750658 
6750664 
6750654 
6750672 

Item  A)     
Washer 
Spring     
Spacer         
Bolt,  Shoulder 

1 
2 
1 
1 
1 

6750644 
6750662 
6750646 
6750670 
6750661 

Seat     
Spring          .          
Poppet  Assy  
Ring,  Sq.       
Spring                            .  ... 

2 
1 
2 
2 
2 

24 
25 
25A 
26 

27 

6750659 
2031431 
2031389 

6750655 
6750653 

Cover       
Screw,  Cap 
Washer,  Lock  
Shim    
Spacer           

1 
4 
4 
AR 
1 

6750651 
6750668 
6750649 
2031427 
A     2031389 
6750330 

Cap                    
Ring,  Sq.     
Cap 
Screw,  Cap 
Washer,  Lock     
Wiper  &  Retainer  Assy.    .. 

1 
2 
2 
2 
2 
1 

28 
29 
30 

31 
32 
33 

6750656 
6750665 
6750652 
6750666 
6750657 
6750663 

Shim       
Spring  
Cap      
Ring,  Retaining    
Washer 
Spring 

AR 

6750055 

Ring,  Back-Up 

2 

34 

6750648 

Check 

6750671 
6750660 
6750647 

Seal      
Spring 
Poppet  Assy. 

2 
1 
1 

35 
36 

6750667 

Wire,  Orifice    
Plunger    (N.S.S.  Order 
Item  A)    

1 

As  Required 


( N.S.S. )     Not  Serviced  Separately 


TROUBLE 

PROBABLE  CAUSE 

REMEDY 

Loss  of    Steering 

No  oil  supply. 

Check  reservoir  level. 
Check  output  from  demand 
valve. 
Check  for  broken  hoses, 
leaks,  etc. 

Main  steer  relief  valve 
stuck,  open. 

Check  for  dirt  and  free 
movement  of  cartridge;   clean 
screen  carefully;  replace 
cartridge  if  necessary. 

Mechanical   steering  linkage 
broken  or  disconnected. 

Repair  as  required. 

Lock-up  spool  stuck  in 
"locked"  position. 

Check  for  dirt  and  free 
movement  in  bore.  Check 
for  free  movement  of  pilot 
valve  in  lock-up  spool. 

Erratic  Steering 

Main  relief  valve  not 
always  seating. 

Check  for  dirt  and  free 
movement  of  cartridge  on 
bore.  Clean  screen  carefully, 
replace  cartridge  if  necessary. 

Loss  of  left  or  right 
steering 

Circuit  relief  valve  stuck 
open. 

Check  for  dirt  and  free 
movement  of  cartridge  in 
bore.  Clean  screen  carefully, 
replace  cartridge  if  necessary. 

Steers  without  moving 
steering  wheel 

Steer  valve   plunger  not 
centered. 

Add  or  subtract  shims  to 
center  plunger. 

Steering  linkage  improperly 
adjusted. 

Adjust  so  plunger  remains 
in  neutral. 

Slow  steering  at  low 
engine  speeds 

Incorrect  steering  hydraulic 
oil  output  from  demand 
valve. 

Defective  steering  and/or 
demand  hydraulic  pump 
—  Repair. 

Fast  steering  at  high 
engine  speeds 

Incorrect  demand  valve 
operation. 

Replace  demand  valve. 

MAIN  HYDRAULIC 
TROUBLE 

Slow  main  hydraulic 
system  operation  at  high 
engine  speeds 

Low  main  hydraulic  output 
from  demand  valve. 

Check  main  hydraulic  valve 
under  main  hydraulic  valve. 

Defective  steering  hydraulic 
pump  —  Repair.  Defective 
demand  pump  —  Repair. 

The  main  plunger  (19)  is  pre-set  at  the  time  of  manu- 
facture by  means  of  shims  between  the  plunger  end  cap 
and  spacer.  Any  time  the  cap  is  removed  or  replaced, 
no  shims  should  be  added  or  removed.  The  old  cap 
counterbore  should  be  carefully  measured  and  com- 
pared with  the  new  cap.  Add  or  delete  shims  as  re- 
quired so  that  the  length  is  identical  to  the  old  cap. 


Torque  shoulder  bolt  to  45  to  50  Ibs.  ft.  torque. 

The  complete  valve  should  be  replaced  if  the  probleir 
is  not  corrected  in  overhaul. 

Spools    (36)    and    (19)    are   machined  to   housing    (1) 
therefore  replacement  should  be  with  a  complete  valve 


Thoroughly  clean  the  area  around  the  steering  hy- 
draulic pump  mounting  on  the  torque  converter.  Drain 
the  hydraulic  reservoir. 

Disconnect  the  inlet  and  outlet  lines  to  the  steering 
hydraulic  pump. 

Remove  the  bolts  and  lockwashers  that  secure  the  pump 
to  the  torque  converter.  Pull  straight  out  on  the  hy- 
draulic pump  to  disengage  the  splines  from  the  torque 
converter  gear. 

Remove  the  hydraulic  pump  from  the  torque  converter. 
Move  it  to  a  clean  bench  lor  disassembly. 


thrust  plate  carefully  with  a  knife  blade  or  thin  screw 
driver.  Remove  and  discard  the  pocket  seals. 

Pull  the  bearings  (8)  with  a  bearing  puller  from  the 
shaft  end  cover  (31)  ONLY — if  they  are  being  re- 
placed. To  remove  conical  spring  (7)  and  shaft  bushing 
(6)  only  the  shaft  end  drive  bearing  need  be  removed. 

Remove  snap  ring  (30)  and  snap  ring  retainer  (29) 
from  shaft.  Press  bearing  sleeve  (4),  lip  seal  (3),  races 
(27)  and  thrust  bearing  rollers  (28)  from  shaft  (2). 

Remove  and  discard  "O"  ring  and  lip  seal  from  sleeve 
bearing. 


STEERING  HYDRAULIC  PUMP 
DISASSEMBLY 

Refer  to  the  steering  hydraulic  pump  illustration  for 
identification  of  parts. 

Index  mark  the  port  end  cover  (19),  gear  housings 
( 10),  bearing  carrier  (24) ,  and  shaft  end  cover  (31)  to 
facilitate  reassembly. 

Remove  the  four  hex  nuts  (18)  and  washers  (16)  from 
the  studs. 

Lift  off  the  assembled  port  end  cover  (19),  thrust  plate 
(9),  pocket  seals  (15),  and  roller  bearings  (8). 

Remove  the  drive  and  driven  gear  set  (23)  and  the  gear 
housing  (10)  from  the  bearing  carrier  (24).  Be  sure  to 
keep  the  gears  together  as  they  are  a  matched  set. 

Remove  four  studs  (17). 

Using  a  wrench  to  hold  the  drive  end  of  shaft  (2), 
remove  lock  nut  (20)  from  connecting  studs  (22).  Pro- 
tect end  of  shaft  when  using  wrench. 

Remove  spacer  (21)  and  connecting  shaft  (12)  from 
connecting  stud  (22). 

Remove  the  bearing  carrier  (24)  from  the  gear  housing 
(10).  The  thrust  plates  (9),  with  pockec  seals  (15), 
roller  bearings  (8),  shaft  bushings  (14)  will  also  be 
removed. 

Remove  drive  and  driven  gears  (23)  and  gear  housing 
(10)  from  the  shaft  end  cover  (31).  Keep  the  gears 
together  as  they  are  a  matched  set. 

Remove  connecting  stud  (22)  from  tapped  hole  in  gear 
end  of  shaft  (2). 

Remove  spacer   (21)   from  connecting  stud    (22). 


SHAFT  END  COVER  DISASSEMBLY 

Remove  the  snap   ring   (1)    from  the  drive  side  of  the 
cover. 


HOUSING  DISASSEMBLY 

Remove  and   discard   "O"  rings    (11)    from   gear  hous- 
ings  (10). 


PORT  END  COVER  DISASSEMBLY 

Pry  off  the  thrust  plate  (9)  with  a  knife  blade  or  thin 
screw  driver.  Remove  and  discard  the  pocket  seals  (15). 
Pull  the  bearings  (8)  with  a  bearing  puller  from  the 
port  end  cover  (19),  ONLY  if  they  are  being  replaced. 


BEARING  CARRIER  DISASSEMBLY 

Pry  off  the  thrust  plates  (9)  with  a  knife  blade  or  thin 
screw  driver.  Remove  and  discard  pocket  seals  (15). 

Pull  the  four  bearings  (8)  with  a  bearing  puller  from 
the  bearing  carrier  (24),  ONLY  if  they  are  being  re- 
placed. 

Remove  the  two  shaft  bushings  (14).  Remove  the  two 
roll  pins  ( 13) . 


STEERING  HYDRAULIC  PUMP  INSPECTION 

Discard  all  "O"  rings,  oil  seals,  and  pocket  seals.  Re- 
place with  new  parts  during  reassembly. 

Wash  all  parts  in  clean  mineral  oil  solvent.  Dry  parts 
thoroughly  and  lay  them  on  a  clean,  lint-free  surface. 

CAUTION:  Never  use  an  air  hose  on  or  near  exposed 
parts  because  of  the  presence  of  water  and 
dirt  in  the  air  system.  Because  of  fire  haz- 
ards and  insurance  regulations,  we  do  not 
recommend  gasoline  or  other  volatile  sol- 
vents such  as  naphtha,  benzene,  etc.,  for 
cleaning  parts.  Less  flammable  fluids  such 
as  kerosene  or  mineral  spirits  must  be 
used.  Never  spin  dry  bearings  using  com- 
pressed air. 

Lubricate  the  roller  bearings  with  light  oil  and  check 
them  for  freeness  of  rollers,  pits,  broken  rollers,  or 
excessive  wear.  Replace  if  damaged. 
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Inspect  the  edges  of  the  gear  teeth  and  faces  for  scoring 
and  roughness.  If  possible,  remove  roughness  or  scoring 
with  an  India  stone.  Inspect  gear  hubs  at  the  bearing 
points.  If  wear  exceeds  .001  inch  of  the  hub  diameter, 
replace  the  gears.  Gears  are  manufactured  matched  sets 
and  must  be  replaced  as  a  set,  not  as  individual  gears. 

Remove  any  roughness  from  the  machined  surfaces  of 
the  shaft  end  cover,  gear  housing,  and  port  end  cover. 
Replace  components  if  roughness  is  excessive.  Measure 
the  gear  housing  bores.  Replace  gear  housing  if  wear 
exceeds  .006  inch. 

Check  thrust  plates  for  erosion  paths  at  the  center, 
wear  of  the  relief  grooves,  and  wear  of  the  running 
surfaces.  Excessive  wear  is  usually  caused  by  using  con- 
taminated oil  in  the  hydraulic  system. 

If  any  parts  were  repaired  with  the  use  of  a  stone,  wash 
the  parts  after  repair  to  remove  all  traces  of  abrasives. 
NOTE:  If  either  the  gears  or  roller  bearings  have  been 
replaced  because  of  excessive  wear,  it  is  good 
practice  to  replace  both  gears  and  bearings.  Re- 
placement of  one  part  and  not  the  other  wili 
cause  premature  failure  of  the  new  part  be- 
cause it  will  have  to  conform  to  the  wear  pat- 
tern of  the  old  part.  If  gears  and  bearings  are 
replaced  because  of  wear,  carefully  check  the 
low  pressure  side  of  the  housing  bore.  In  most 
cases  it  will  be  necessary  to  replace  the  gear 
housing  along  with  the  gears  and  bearings. 


GEAR  PUMP  SHAFT  END  COVER 
REASSEMBLY 

NOTE:  Lubricate  all  "O"  rings  and  oil  seals  with  sticky 
grease  before  reassembly.  Make  sure  all  straight 
roller  bearings  are  lubricated  with  light  oil 
before  reassembly.  Pack  the  thrust  bearing 
roller  with  calcium  base,  ball  bearing  grease  of 
No.  2  consistency: 


STEERING  PUMP  REASSEMBLY 

Place  the  shaft  end  cover  (31),  gear  side  up,  in  a  vise 
with  soft  jaws.  Install  bronze  shaft  bushing  (6)  with 
flange  side  toward  bottom  of  bore. 

Next,  install  conical  spring  (7)  with  smaller  end  of 
spring  over  pilot  shoulder  of  shaft  bushing. 

Install  two  roller  bearings  (8)  in  the  bores  of  the  cover 
— IF — they  were  removed.  Be  sure  top  of  spring  (7) 
does  not  become  wedged  between  bearing  and  bottom 
of  bearing  counterbore. 


(4)  with  lip  of  the  seal  facing  outward.  Install  "O"  ring 
(26)  on  the  bearing  sleeve  (4).  Next,  press  roller  bear- 
ing (5)  into  sleeve  bearing.  Install  the  assembled  parts 
on  the  shaft  (2)  with  lip  seal  toward  larger  diameter 
spline.  Place  the  races  (27)  with  the  thrust  bearing 
rollers  (28)  between  them  on  the  shaft.  Slide  the  snap 
ring  retainer  (29)  on  next  and  put  the  snap  ring  (30) 
in  position  on  the  shaft  groove. 

Insert  the  assembled  shaft  in  shaft  end  cover   (31). 
Replace  snap  ring   ( 1 )   in  cover. 

Turn  shaft  end  cover  over  in  vise  with  gear  side  up.  See 
that  a  set  screw  is  installed  in  the  high  pressure  side  of 
pump  with  the  low  pressure  side  left  open. 

Place  a  small  amount  of  heavy  grease  into  the  two  mid- 
dle slots  in  the  open  face  of  the  thrust  plate  (9)  and 
insert  pocket  seals  (15).  Place  the  thrust  plate  with  the 
pocket  seal  slots  toward  the  shaft  end  cover  (31)  over 
the  bearings  (8) .  Check  to  see  that  the  pocket  seals  (15) 
in  the  center  slots  are  still  in  place  and  tap  the  thrust 
plate  into  position  until  a  clearance  of  1/32  inch  is  left 
between  the  thrust  plate  and  shaft  end  cover. 

Into  each  of  the  four  open  slots  in  the  thrust  plate  (9), 
insert  a  pocket  seal  (15).  Be  sure  to  push  each  seal  into 
the  slot  so  that  the  hidden  ends  are  in  contact  with  the 
roller  bearing  races.  Tap  the  assembled  thrust  plate  into 
position  and  trim  away  the  excess  from  the  exposed 
ends  of  the  pocket  seals  with  a  razor  blade  or  sharp 
knife.  Be  sure  to  trim  the  exposed  ends  of  the  pocket 
seals  square  and  flush  with  the  thrust  plate. 


PORT  END  COVER  REASSEMBLY 

Install  the  two  roller  bearings  (8)  into  their  respective 
bores  in  the  port  end  cover  (19)  if  they  were  removed. 
Place  a  small  amount  of  heavy  grease  into  the  two  mid- 
dle slots  of  the  thrust  plate  (9)  and  insert  the  pocket 
seals  (15).  Place  the  thrust  plate  with  the  pocket  seal 
slots  toward  the  port  end  cover  (19)  over  the  roller 
bearings.  Check,  to  see  that  the  center  pocket  seals  are 
still  in  place.  Tap  the  assembled  thrust  plate  into  posi- 
tion with  a  soft  hammer,  leave  a  clearance  of  approxi- 
mately 1/32  inch  between  the  thrust  plate  and  port 
end  cover. 

Into  each  of  the  four  open  slots  in  the  thrust  plate  (9), 
insert  a  pocket  seal  (15).  Be  sure  to  push  each  seal  into 
the  slot  so  that  the  hidden  ends  are  in  contact  with  the 
roller  bearings  races.  Tap  the  assembled  thrust  plate 
into  position  and  trim  away  the  excess  from  the  exposed 
ends  of  the  pocket  seals  with  a  razor  blade  or  sharp 
knife. 


STEERING  PUMP  ASSEMBLY 


Item 

Port  No. 

Description 

No.  Req'd. 

Item 

Port  No. 

Description 

Mo.  Req'd. 

A 

2060163 

Steering  Pump  Assy.  (Incl. 

16 

6800000 

Washer 

4 

Items  1  thru  31  ) 

17 

6800242 

Stud 

4 

1 

6800021 

Ring,  Snap 

18 

6800243 

Nut                        

4 

2 

6800005 

Shaft,  Drive 

19 

680001  1 

Cover,  Port  End 

1 

3 

6800018 

Seal,  Double  Lip 

20 

6800241 

Nut,  Lock 

1 

4 

6800187 

Sleeve,  Bearing        

21 

6800232 

Spacer          

2 

5 

6800186 

Bearing,  Roller      

22 

6800240 

Stud,  Connecting 

1 

6 

6800016 

Bushing,  Shaft   

23 

6800236 

Gears,  Drive  &  Driven 

7 

6800017 

Spring 

(Matched  Set  of  2) 

2 

8 

6800010 

Bearing,  Roller 

8 

24 

6800237 

Carrier,  Bearing 

1 

9 

6800008 

Plate,  Thrust 

4 

25 

6800015 

Screw,  Set 

1 

10 

6800235 

Housing,  Gear 

2 

26 

6800020 

"0"  Ring 

1 

11 

6800261 

Gasket,  Seal 

4 

27 

6800013 

Race,  Thrust  Bearing 

2 

12 

6800238 

Shaft,  Connecting   

1 

28 

6800012 

Rollers,  Thrust  Bearing 

1 

13 

6800239 

Pin,  Roll 

2 

29 

6800002 

Retainer,  Snap  Ring 

1 

14 

6800222 

Bushing,  Shaft     

2 

30 

6800003 

Ring,  Snap                

1 

15 

6800006 

Seal,  Pocket 

24 

31 

6800022 

Cover,  Shaft  End 

1 

BEARING  CARRIER  REASSEMBLY 

Install  the  two  roll  pins  (13)  in  the  holes  provided  for 
them  in  the  drive  shaft  bores. 

Install  two  shaft  bushings  (14)  in  the  shaft  holes  so 
that  flange  side  of  each  bushing  will  be  against  bottom 
of  bearing  bore.  Fit  one  slot  of  bushing  over  roll  pin. 
This  prevents  bushing  from  turning  on  shaft.  Do  one 
side  at  a  time. 

Install  four  roller  bearings  (8)  IF  they  were  removed. 
Place  small  amount  of  heavy  grease  into  the  two  mid- 
dle slots  in  the  open  face  of  the  thrust  plate  (9)  and 
insert  pocket  seals  (15). 

Place  the  thrust  plate  (9)  with  pocket  seal  slots  toward 
the  face  of  the  bearing  carrier  (24)  over  the  bearings 
(8).  Check  to  see  that  the  pocket  seals  in  the  center  slots 
are  still  in  place  before  tapping  the  thrust  plate  into 
position.  Leave  a  clearance  of  approximately  1/32  inch 
between  the  thrust  plate  (9)  and  the  bearing  carrier 
(24). 

Into  each  of  the  four  open  slots  in  the  thrust  plate  (9) 
insert  a  pocket  seal  (15).  Push  each  seal  all  the  way  into 
the  slot  so  that  the  hidden  end  is  always  in  contact  with 
the  roller  bearing  race.  Tap  the  assembled  thrust  plate 
into  position  against  the  face  of  the  bearing  carrier. 
Using  a  razor  blade  or  sharp  knife,  trim  away  the  excess 
from  the  exposed  ends  of  the  pocket  seals  square  and 
flush  with  sides  of  the  thrust  plate. 


STEERING  HYDRAULIC  PUMP  REASSEMBLY 

Place  the  assembled  shaft  end  cover  in  a  vise  with  soft 
jaws,  gear  side  up.  Install  the  drive  gear  of  the  gear 
set  (23).  Stone  the  gear  ends  before  installation  to  re- 
move any  minute  burrs. 

Install  pregreased  "O"  rings  (11)  into  the  grooves  in 
the  gear  housings  (10). 

Place  the  gear  housing  (10)  over  the  gear  set,  lining  up 
the  index  marks  and  tapping  into  position  with  a  soft 
hammer.  Be  careful  not  to  pinch  the  "O"  ring  when 
positioning  the  housing.  Install  the  driven  gear  of  the 
gear  set  (23)  into  its  respective  roller  bearing  bore. 
Pour  a  small  amount  of  oil  over  the  gears  to  provide 
initial  lubrication  when  putting  the  pump  back  into 
service. 

Install  spacer  (21)  and  then  the  connector  shaft  (12) 
into  the  bore  of  the  drive  gear  (23). 

Insert  the  shaft  connecting  bolt  (22)  through  the  bore 
of  the  connector  shaft  (12)  and  thread  into  tapped  hole 
in  the  end  of  the  drive  shaft.  Use  locktite  sealant  on 
end  of  bolt  before  threading.  Place  other  spacer  (21) 


on  bolt  (22)  and  then  install  lock  riut,  but  do  n 
tighten  nut. 

Install  the  bearing  carrier  (24)  on  the  gear  housii 
(10).  Care  must  be  taken  so  as  not  to  score  the  shr 
bushing  in  the  shaft  bore. 

Tap  bearing  carrier  (24)  in  place  with  a  soft  hamm< 
being  careful  not  to  pinch  "O"  ring  (11),  in  the  fa 
of  the  housing  ( 10) . 

Install  drive  gear  (23)  over  the  connector  shaft  (12 
spacer  (21),  and  lock  nut. 

Install  the  driven  gear  (23)  into  its  respective  boi 
Next,  hold  drive  end  of  shaft  with  wrench  and  tighti 
locknut.  If  nut  is  tightened  before  installing  drive  ge 
(23)  be  sure  spacer  (21)  is  centered  on  connector  sha 
(12). 

Place  gear  housing   (10)   over  gears   (23)   and  tap  in 
place  against  bearing  cnrricr.  Pour  a  small  amount 
oil  over  the  gears  to  provide  lubrication  when  puttii 
pump  back  into  service. 

Install  the  port  end  cover  assembly  on  the  gear  housin 
Hubs  of  gears  fit  into  the  roller  bearings  (8),  and  tl 
thrust  plates  (9).  Use  a  soft  hammer  to  seat  the  po 
end  cover  assembly.  When  installing  the  cover,  be  su 
to  line  up  the  index  marks  nnd  be  careful  not  to  pim 
the  "O"  rings. 

Thread  the  four  studs  (17)  into  the  shaft  end  cove 
leaving  enough  thread  protruding  above  the  port  er 
cover  to  accommodate  the  washers  (16)  and  hex  nu 
(18).  Tighten  the  four  nuts  alternately  to  200  ft.  11: 
of  torque.  Rotntc  the  shaft  by  hand  or  with  a  (>-in< 
wrench.  Protect  the  shaft  splines  when  using  a  wrenc 

CAUTION:  After  tightening  the  nuts  to  their  specifie 
torque,  be  sure  the  drive  shaft  is  easi 
rotated. 

If  the  shaft  does  not  rotate  easily,  it  is  an  indicatic 
that  the  gears  are  binding.  Disassemble  the  pump  unl 
the  trouble  is  located. 

Remove  the  assembled  pump  from  the  vise  and  turn 
over  so  that  the  splined  end  of  the  shaft  is  up.  Inse 
snap  ring  (1 ). 


INSTALLING  STEERING  HYDRAULIC  PUMP 
ON  MACHINE 

Make  sure  the  area  around  the  pump  mounting  pad  < 
the  torque  converter  is  clean.  Position  the  main  h 
draulic  pump  on  the  torque  converter  and  secure  wil 
bolts,  and  lockwashers.  Connect  the  intake  and  di 
charge  lines  to  the  pump.  Fill  the  hydraulic  reserve 
with  hydraulic  oil  as  directed  in  the  lubrication  sectio 


hydraulic  system,  properly  adjusted  and  tree  rrom 
defect,  controls  the  steering  function  of  your  machine. 
The  linkage  requires  very  little  maintenance  except  for 
lubrication  and  minor  adjustment.  A  complete  mainte- 
nance program  should  be  set  up  and  followed  to  give 
this  system  top  performance  and  trouble  free  service. 
See  lubrication  and  adjustment  sections. 

STEERING  GEAR  ASSEMBLY 

The  steering  gear  is  a  mechanical  type.  It  is  controlled 
by  turning  the  steering  wheel  mounted  on  top  of  the 
column.  See  overhaul  of  steering  gear  assembly. 

STEERING  TIE  ROD 

Tht  steering  tie  rod  is  connected  with  a  ballstud  Co  the 
pitman  arm  on  the  left  side  of  the  steering  gear  housing. 
The  other  end  is  connected  with  a  ball  stud  to  the  steer- 
ing bellcrank  mounted  to  the  top  main  pivot. 

STEERING  BELLCRANK 

The  steering  bellcrank  connects  the  steering  tie  rod  to 
the  steering  rod.  The  opposite  end  of  the  rod  is  con- 
nected by  means  of  an  eye  bolt  screwed  into  the  steering 
valve.  The  eye  bolt  is  secured  to  the  steering  valve 
plunger  with  a  jam  nut. 

TROUBLE  SHOOTING 

Defective  steering  may  be  caused  by  worn  or  damaged 
steering  linkage  components.  Before  major  overhaul  of 
the  steering  hydraulic  system  is  performed,  make  the 
following  (.litclc.s  in  the  steering  Iinkaj;e: 

STEERING  GEAR  ASSEMBLY 

With  the  machine  on  level  ground,  start  engine.  Slowly 
turn  the  steering  wheel  in  both  directions.  Observe  the 
steering  linkage  movement  as  the  wheel  is  being  turned. 


haul  or  steering  gear  assembly. 

STEERING  TIE  ROD 

Two  ball  studs  are  securely  held  in  position  at  each  end 
of  the  tie  rod.  Pressure  required  to  hold  the  ball  studs 
is  determined  by  the  adjusting  plugs  located  in  each 
end.  To  adjust  the  plugs,  first  remove  the  cotter  pins 
and  turn  plug  in  to  increase  pressure  and  out  to  de- 
crease pressure.  With  the  correct  adjustment  made, 
reinstall  cotter  pins. 

Periodically  remove  the  ball  studs,  seats  and  springs 
from  ends  of  tie  rod.  Inspect  all  parts  for  damage  and 
wear.  Replace  if  necessary. 

STEERING  ROD 

The  steering  rod,  along  with  other  linkage  is  adjusted 
at  the  factory.  Little  or  no  maintenance  is  required 
except  to  check  jam  nuts  for  tightness  and  rrinor  ad- 
justment. Adjustment  can  be  accomplished  by  loosening 
the  jam  nuts  and  rotating  rod  until  correct  length  is 
obtained.  Tighten  jam  nuts. 

CHECKING  ADJUSTMENT:  Align  front  and  rear 
frame  sections.  The  steering  bellcrank  should  be  per- 
pendicular to  frame  sides  and  the  steering  rod  at  a  right 
angle  to  the  bellcrank. 

STEERING  BELLCRANK 

Inspect  the  mounting  connections  in  the  steering  bell- 
crank  for  wear  and  freeness.  Pay  particular  attention  to 
the  self-aligning  bearing  and  main  pivot  bearing.  The 
inner  race  should  move  freely  and  smoothly  in  the  outer 
race.  If  the  bearings  are  damaged,  loose  or  rough  in 
movement,  press  out  the  bearing.  Install  new  bearings, 
pressing  only  on  the  outer  race  when  installing.  Press 
the  outer  race  centered  in  the  eye.  Check  that  the  inner 
ball  moves  freely  and  smoothly  in  the  outer  race. 


STEERING  GEAR  ASSEMBLY 


REMOVE  STEERING  GEAR  FOR 
DISASSEMBLY 

Refer  to  steering  gear  linkage  illustration  for  identifica- 
tion of  parts. 

Disconnect  the  electrical  connection  to  the  horn  at  the 
junction  box  on  the  steering  column. 

Remove  the  bracket  for  the  transmission  controls  from 
the  steering  column. 


Remove  the  screws  (2);  remove  the  horn  button  retainer 
(3),  the  retaining  ring,  weather  cover  (4),  horn  button 
(5),  insulator  (6),  spring  (7),  steering  wheel  retaining 
nut  (8),  and  horn  contact  (9). 

Attach  a  wheel  puller  and  remove  the  steering  wheel 
(10). 

DO  NOT  HAMMER  THE  END  OF  THE  SHAFT 
TO  REMOVE  WHEEL. 
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STEERING  GEAR  ASSEMBLY  AND  LINKAGE 


Pori- 


Description 


No.  Req'd. 


20306S6 

Horn   Button  Assy.   (Incl. 

Items  2  thru  7  &  9)  

1 

2034053 

Spinner  Assy.,  Steering 

Wheel 

1 

2035331 

Screw,  Plate  to  Wheel 

4 

;.rJ5O67 

Retainer,  Horn  Button 

4 

f:'0'>i3C6 

Cover,  Weather  

1 

59H368 

Hlu?ton,  Horn    

1 

'~.y;/B69 

insulator     

1 

.';;'!'."(  370 

£pnng,  Horn  Button  

1 

.'.;•'   ^'^ 

Mui-,  Steering  Wheel  to 

C«ij:tin 

1 

•  .;  .     °; 

C.-vj,  li.-;;f 

1 

.V.  ,-;:'    Ja^..-i'i;!0]      

1 

,    •  .•_'    ',.;  ;,' 

J^;  ^.;;J 

1 

:••,)'  ,  yr'l 

.  ;  .             f:     a       _» 

2 

2035336" 

jcrew,  Cover  to  Column 

2 

2505385 

Screw     

2 

20CSUS4 

Horn  Cable  Connector 

Assy.       

1 

Sf-uering  Gear  Assy.    (See 

Sep.  iffus.)     

1 

.'*£!0/38 

Kcit,  Rod  Assy,  to  Steer 

Valve     

1 

''     k^BS3 

"Washer,  Lock     

1 

1          '•*»  !  •'•  .'  -'1^''  t1' 

i»lui 

1 

":'.-'ji-"9? 

iniuif,  Jesm           

1 

\     ::035686 

Washer,  Lock  (N.I.) 

1 

2L't»2379 

Rod  End        

1 

(Nor  Applicable) 

?.IK>0735 

Rod  Assy.,  Bellcmnk  to 

Steer  Vaive      

1 

I'.-jJo20 

Nut,  ;um                

] 

Item 

Part  No. 

Description                    No.  1 

leq'd. 

23 

2046473 

Clevis 

24 

2060737 

Bolt,  Rod  to  Bellcrank  

24A 

2036822 

Washer,  Flat        

24B 

2031396 

Washer,  Lock      

24C 

2031622 

Nut     

25 

2CD0224 

Fitting,  Grease  

26 

2060598 

Bushing          

27 

2060124 

Pin,  Bellcrank  Pivot 

28 

2059574 

Ring,  Inner                       .  . 

29 

2059573 

Bearing,  Roller  

30 

2033250 

Fitting,  Grease  

21 

20621  1  1 

Bellcrank  Assy.  (Incl 

Items  26,  28  &  29) 

32 

2060118 

Lock  Plate,  Pin      

33 

2031569 

Bolt                 

33A 

2031395 

Washer,  Lock    

34 

2030225 

Fitting,  Grease 

35 

2030647 

Stud,  Ball    

35A 

2032920 

Nut                           

35B 

2031769 

Pin,  Cotter      

36 

2059571 

Drag  Link,  Gear  to 

Bellcrank  (See  Sep.  III.) 

37 

2030225 

Fitting,  Grease               

38 

2038341 

Arm,  Pitman 

39 

2033520 

Nut      

39A 

2031396 

Washer,  Lock 

40 

2030575 

Collar,  Split    

41 

2030839 

Bolt,  Steer  Column  to 

Frame 

2 

41A 

2031393 

Washer,  Lock 

I 

41  B 

2031373 

Nut           

I 

42 

2033536 

Scew,  Sq.  Hd.  Set  (N.I.) 

I 

42A 

2031619 

Nut  (N.i.)       

2 

Deluded  in  Service  Kir;  Order  Trojan  fort  No. 


(N.I.)      Not  Illustrated 


1      2 


TP 


DRAG  LINK 


Item 

Port  No. 

Description 

No.  Req'd. 

A 

1 

2059571 
2040222 

Drag  Link  Assy.,  (Incl. 
Items  1  thru  8) 
Plug,  Adjusting   

1 
2 

2 
3 

6951365 
2040224 

Seat,  Ball 
Spring     

4 
2 

4 

2040223 

Button.  Spacer    

2 

Item       Part  No. 


Description 


No.  Re 


5 
6 
7 


2040226 
2031772 


8       2030225 


Stop 

Pin,  Cotter  

Link,  Drag   (N.S.S.  Order 

Item  A)    

Fitting,  Grease     ... 


2 
2 

1 
2 


(N.S.S.)  Not  Serviced  Separately 


me  position  or  tne  pitman  arm  on  me  pitman 
shaft  gear.  Remove  nut  (39)  and  lockwasher  securing 
pitman  arm  to  steering  gear.  Remove  pitman  arm. 

Remove  bolts  (41),  nuts,  lockwashers  and  collar  (40) 
securing  steering  gear  to  frame.  Remove  gear  from 
machine. 


STEERING  GEAR  DISASSEMBLY 

Secure  the  steering  gear  housing  assembly  (4)  in  a 
vise.  Remove  the  three  bolts  (14)  and  lockwashers  (13) 
that  attach  the  housing  side  cover  (12)  to  the  housing. 
Pry  the  side  cover  loose.  Turn  the  lash  adjuster  (8) 
clockwise  through  the  cover.  Remove  the  gasket  (10), 
lash  adjuster  nut  (15),  lash  adjuster,  shims  (9)  and 
shaft  bushing  (11). 

Turn  the  steering  shaft  (21)  until  the  sector  gear  on 
the  pitman  shaft  gear  will  pass  through  the  housing 
opening  and  remove  the  pitman  shaft  gear  from  the 
housing. 

Loosen  and  remove  locknut  (30)  plug  (31)  with  bear- 
ing (27).  Remove  capscrew  (29),  lockwasher  (29A)  and 
bottom  cap  (28)  with  gasket  (28A)  from  housing  (4). 
Carefully  withdraw  the  shaft  (21)  and  ball  nut  (26) 
as  an  assembly  from  the  housing  (4). 

CAUTION:  Hold  the  shaft  and  ball  nut  in  a  hori- 
zontal position.  If  held  in  a  vertical  posi- 
tion, the  ball  nut  will  travel  by  its  own 
weight  to  either  end  of  the  shaft  threads. 
If  the  ball  nut  strikes  either  end  of  the 
worm  sharply,  the  ball  guides  will  be 
damaged.  If  the  ball  nut  is  not  being  dis- 
assembled, tape  both  ends  of  the  shaft 
worm  to  prevent  ball  nut  movement. 

Check  the  action  of  the  ball  nut  on  the  shaft  worm. 
It  must  rotate  freely  with  no  roughness  or  binding.  If 
there  is  evidence  of  roughness  or  binding,  disassemble 
it  as  follows: 

1.  Remove  the  bolt  and  washer  assemblies  (22)  securing 
ball  guide  return  clamp  (23)  to  the  ball  nut.  Remove 
the  clamp. 

2.  Pull  ball  return  guides   (24)  out  of  the  ball  nut,  one 
pair  at  a  time  and  remove  balls  from  return  guides 
by  separating  the  guide  halves. 

3.  Turn   bail   nut  upside   down   and   rotate   shaft   back 
and   forth   until   all   balls    (25)    have  dropped    from 
ball  nut  into  a  clean  pan. 

4.  With   all   balls   removed,   slide   the   ball   nut  off   the 
shaft. 


Hazards  ana  insurance  regulations,  we  ao  not 
recommend  gasoline  or  any  volatile  solvent 
such  as  naphtha,  benzene,  etc.  Less  flammable 
fluid  such  as  kerosene  or  mineral  spirits  should 
be  used.  Do  not  use  a  caustic  solution.  After 
drying  thoroughly  with  clean  cloth,  lay  parts 
on  clean,  lint-free  surface  for  inspection.  Never 
use  an  air  hose  on  or  near  exposed  internal 
parts  because  of  the  presence  of  water  or  dirt 
in  the  air  system. 

Clean  all  parts  in  solvent  before  inspecting. 

Examine  steering  gear  housing  ,(4)  for  cracks  or  stripped 
threads  in  cover  mounting  surfaces.  If  column  is  dam- 
aged, replace  housing  assembly. 

Check  clearance  between  pitman  shaft  gear  (7)  and 
bushing  (35)  in  housing.  If  bushing  is  worn,  drive 
bushing  from  housing.  An  improvised  tool  can  be  made 
if  desired.  Drive  new  bushing  into  housing.  Again  an 
improvised  tool  may  be  made. 

Check  condition  of  upper  needle  bearing  (16)  in  hous- 
ing. If  rollers  are  damaged  or  worn,  press  out  bearing. 
VC'hen  pressing  in  new  bearing,  make  sure  trade  marked 
side  of  retainer  is  against  tool. 

Check  condition  of  steering  column  jacket  upper  bear- 
ing assembly  (3)  and  spring  (1).  Replace  if  parts  are 
damaged. 

Examine  side  cover  (12)  for  cracks  and  damage.  Check 
clearance  between  pitman  shaft  gear  (7)  and  side  cover 
bushing  (11).  If  bushing  is  scored,  damaged,  or  exces- 
sively worn,  it  is  recommended  that  side  cover  and 
bushing  be  replaced  as  an  assembly. 

Inspect  pitman  shaft  gear  for  damaged  serration  or 
threads.  Examine  sector  teeth  for  signs  of  scuffing  or 
scoring.  Check  O.D.  of  shaft.  If  excessive  wear  is  exhib- 
ited at  any  of  these  points,  replace  shaft  gear.  Grease 
seal  (39)  should  be  removed  and  replaced  if  cracked 
or  damaged. 

Inspect  bearing  areas  and  thread  groove  on  worm  of 
shaft  assembly  (21). 

If  worn  or  galled,  replace  steering  shaft  and  ball  nut 
(26)  complete. 

Examine  worm  ball  nut  (26)  rack  teeth  for  scuffing  and 
scoring.  Check  holes  and  passages  for  obstructions. 
Check  all  worm  balls  (25)  for  flat  spots,  checking,  wear 
or  damage.  Balls  should  be  the  same  size  within  0.0001 
inch.  Balls  must  be  replaced  as  complete  sets. 

Examine  ball  guides  (24)  for  distortion  and  bent  pick- 
up fingers.  Place  two  halves  of  a  guide  together  and  try 
action  of  balls. 
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STEERING  ASSEMBLY 


i        Port  No. 

Description                    No. 

Req'd. 

Item 

Part  No. 

Description                    Is 

o.  Req'd. 

2052627 

Steering  Gear  Assy. 

1 

19 

2035350 

Contact  Assy.  (Incl.  Item 

2005878 
2005882 
2005880 

Spring,  Upper  Bearing 
Washer,  Upper  Bearing 
Upper  Bearing  Assembly 

1 
1 
1 

20 

21 

2005876 
6951364 

18)    
Key,  Steering  Wheel 
Shaft  Assy.  (Incl.  Items  17 

1 

695  '1357 

1  lousing  Assv.  (Incl  Items 

thru  19  &  22  thru  26)    . 

1 

16  £•  35)               .    .. 

1 

22 

2035353 

Bolt  &  Washer  Assy  

3 

200^892 

Cup                 .              ..    . 

1 

23 

2005960 

Clamp,  Ball  Return  Guide 

1 

2005894 

Pipe,  Filler       

1 

24 

2005958 

Guide,  Ball  Return 

4 

2UU5930 

Gear,  Pitman  Shaft  

1 

25 

2005962 

Ball              

106 

2005936 

Adjuster,  Lash        

1 

26 

2005964 

Nut,  Ball          

2005940 

Shim  Kit,  Lash  Adjuster 

1 

27 

6951361 

Bearing,  Worm  Thrust 

2005932 

Gasket,  Housing  Side  Cover 

1 

28 

6951360 

Cover,  Housing  End     

2005968 

Bushing,  Pitman  Shaft 

1 

28A 

2005896 

Gasket,  End  Cover  (N.I.) 

2005934 

Cover  Assy.  (  Incl.  Item  1  1  ) 

1 

29 

2031497 

Bolt,  End  Cover 

2031391 

Washer,  Lock 

3 

29A 

2031392 

Washer,  Lock 

2031473 

Bolt,  Side  Cover 

3 

30 

6951363 

Nut,  Lock  Bearing  Adjuster 

2031372 

Nut,  Lash  Adjuster 

1 

31 

6951362 

Adjuster,  Thrust  Bearing 

2005956 

Bearing,  Needle        

] 

32 

2005924 

Nut,  Pitman  Arm 

2035352 

T             •                '                    IJ 

.  wiiJiiiui  ,'  iUij'.,  Horn 

1 

33 

2005926 

Washer,  Lock  Pitman 

203535! 

Cobivj,  Kos'tt 

1 

34 

2005928 

Seal,  Pitman  Shaft 

35 

2005966 

Bushing,  Pitman  Shaft 

,ii.)     Not  lltusiratul 


STEERING  GEAR  REASSEMBLY 

One  of  the  most  important  phases  of  assembling  steer- 
ing gear  components  is  cleanliness.  All  parts  must  be 
kept  clean.  Any  bits  of  abrasive  material  which  may  get 
inside  of  the  housing  during  assembly  will  quickly 
damage  the  mechanism.  Grease  and  oil  used  at  assembly 
must  be  free  from  dirt.  Prelubricate  all  bearings  and 
moving  parts  with  lubriplate. 

Refer  to  the  steering  gear  illustration  for  parts  identifi- 
cation. 

Place  steering  shaft  assembly  flat  on  bench.  Place  ball 
nut  (26)  over  worm  on  shaft  assembly  (21)  with  ball 
return  guide  holes  in  ball  nut  in  upper  surface.  Align 
groove  in  worm  and  ball  nut  by  sight. 

Count  one-half,  53,  of  the  total  quantity,  106  of  balls 
(25)  into  a  clean  container. 

Drop  balls  into  one  of  the  ball  return  guide  holes  in 
the  upper  circuit. 

Gradually  turn  worm  away  from  that  hole  while  in- 
serting balls.  Continue  until  the  circuit  is  filled  from 
the  bottom  of  one  hole  to  the  bottom  of  the  other,  or 
until  stopped  by  reaching  end  of  worm. 

In  the  event  balls  are  stopped  by  reaching  the  end  of 
worm,  hold  down  the  balls  already  inserted  with  a  rod 
or  punch.  Turn  shaft  a  few  turns  in  the  reverse  direc- 
tion. Filling  of  the  circuit  can  then  be  continued. 

It  may  be  necessary  to  work  shaft  back  and  forth,  hold- 
ing balls  down,  first  in  one  hole,  then  in  the  other. 
This  will  close  up  spaces  between  balls,  filling  the  circuit 
completely. 

Lay  one-half  of  ball  guide  (24),  with  groove  up,  on 
bench.  Place  the  remaining  balls  selected  into  groove 
of  guide.  Close  this  half.  Hold  the  two  halves  together; 
then  plug  each  end  with  heavy  chassis  grease  to  prevent 
balls  from  dropping  out. 

Push  ball  return  guide  completely  into  holes  in  ball 
nut.  This  completes  one  circuit  of  balls. 

Fill  lower  circuit  in  ball  nut  in  same  manner. 

Install  ball  return  guide  clamp  (23)  on  ball  nut.  Tighten 
bolts  and  washers  (22)  securely. 

Make  certain  ball  nut  and  balls  are  thoroughly  lubri- 
cated. Test  assembly  by  rotating  ball  nut  on  worm.  Do 
not  rotate  ball  nut  to  end  of  worm  threads.  Assembly 
must  move  freely.  Temporarily  tape  shaft  at  both  ends 
of  ball  nut  until  ready  to  install  assembly  into  steering 
gear  housing. 

Remove  tape.  Grip  worm  below  and  above  the  ball  nut 
to  prevent  nut  from  running  to  extreme  ends.  Insert 
steering  shaft  assembly  (21)  through  lower  opening  in 
gear  housing  (4)  and  guide  shaft  carefully  through  the 
upper  column  needle  bearing  (16). 

Place  original  lash  adjuster  screw  shim  (9)  on  lash 
adjuster  (8).  Insert  adjuster  and  shim  into  slotted  end 
of  pitman  shaft  gear  (7). 


Check  clearance  between  adjuster  head  and  shaft  si 
end.  Clearance  must  not  exceed  0.0002  inch.  If  clea 
ance  is  greater,  select  a  thicker  shim.  Four  sizes  a 
available. 

Insert   pitman   shaft   gear   into   housing;    turn    gear 
sector  will  go  in  housing.      Mesh  sector  with  ball  n: 
inside  housing. 

Turn  steering  shaft  until  ball  nut  is  in  approxima 
center  of  shaft  worm.  Center  tooth  of  pitman  slis 
must  enter  center  tooth  space  of  ball  nut. 

With  lash  adjuster  and  shim  in  place  in  slotted  end 
pitman  shaft  gear  and  with  new  side  cover  gasket 
place  on  side  cover,  start  side  cover   (12)   over  end 
shaft.  Insert  screwdriver  into  hole  in  side  cover  to  e 
gage  slot  in  adjuster. 

Turn  lash  adjuster  to  pull  cover  over  end  of  shaft.  Ba< 
off  adjuster  to  permit  lash  between  sector  and  ball  ni 

Install  side  cover  lockwashers  (14)  and  bolts  (13 
tighten  to  15-20  Ib.  ft.  torque. 

Install  bottom  cover  (28),  gasket  (28A)  with  capscre' 
(29)    and   lockwasher    (29A).    Insert   bearing    (27) 
plug  (31)  and  install  plug  (31)  in  bottom  of  cover  (28 
Secure  with  locknut  (30). 

With  gear  on  center,  adjust  pitman  shaft  adjuster 
that  the  pull  on  an  18-inch  diameter  wheel  is  1 14  to 
pounds  through  a  20-degree  arc  over  center.  Tifjht 
nut  (15).  Total  pull  on  the  18-inch  wheel  for  all  aciju; 
ments  should  be  1  Y&  to  2  pounds  over  center.  Tight 
nut  (15)  to  20-30  Ib.  ft.  torque  when  adjustment 
correct. 

STEERING  GEAR  INSTALLATION 

Refer  to  the  Steering  Gear  Linkage  illustration  for  pai 
identification. 

Position  the  steering  wheel  (10),  contact  (9),  and  n 
(8)  on  shaft.  Tighten  steering  wheel  nut  securely. 

Position  the  steering  gear  in  the  machine.  Position  t 
collar  (40)  over  the  steering  gear  ;irm;  secure  to  t 
frame  with  bolts  (41),  lockwashers,  and  nuts. 
Position  the  pitman  arm  (38)  on  the  splines  of  t, 
pitman  shaft  gear,  matching  the  marks  made  at  dist 
semfoly.  NOTE:  The  pitman  arm  should  'be  p-ostttorK 
on  the  pitman  shaft  gear  in  an  approximate  vertical  po 
tion.  Center  tooth  of  pitman  shaft  must  enter  cent 
tooth  of  ball  nut.  Secure  with  a  lockwasher  and  nut  (35 

Move  the  drag  link  (36)  toward  the  pitman  arm  ai 
engage  the  ball  stud  (35)  in  the  link.  Secure  with 
cotter  pin  and  castle  nut. 

Connect  the  horn  wiring  to  the  box  at  the  side  of  t 
steering  column. 

Install  the  spring  (7),  insulator  (3),  horn  button  (' 
and  weather  cover  (4).  Align  the  holes  in  the  weath 
cover  with  the  holes  in  the  steering  wheel. 

Position  the  retainer  (3)  over  the  weather  cover  ai 
secure  with  screws  (2). 

Install  the  bracket  for  the  transmission  controls  on  t 
steering  column. 

Lubricate  the  steering  gear  as  shown  in  the  Lubricati< 
section. 


In  the  event  the  transmission  does  not  function  .proper- 
ly, check  the  hydraulic  oil  supply  immediately  at  the 
level  plugs  (See  Fig.  24) .  Make  up  oil  should  be  added 
through  the  fill  plug  located  on  the  left  side  of  the 
torque  converter  (See  Fig.  23).  Thoroughly  inspect  all 
hoses,  lines  and  fittings  for  leaks.  Replace  any  found 
to  be  defective. 


1.     Plug 


Before  attempting  any  maintenance  or  repair  on  the 
transmission  or  torque  converter,  consult  the  transmis- 
sion and  converter  section  in  this  manual.  Trouble 
shooting  table  and  oil  check  procedures  may  also  be 
found  there. 


Fig.  23.     Converter  Fill  Plug 


1.  High  Oil  Level  Check 

2.  Correct  Oil  Level  Check 

3.  Transmission  Drain 

Fig.  24-     Transmission  Oil  I-cvcl  Check  and  Drain 


TRANSMISSION  AND  TORQUE  CONVERTER  SYSTEM 


The  torque  converter  and  transmission  are  hydraulically 
interconnected  with  hoses  through  which  the  circulation 
of  the  transmission  hydraulic  fluid  is  directed.  The 
fluid  is  also  directed  through  a  filter  which  removes  any 
particles  which  could  damage  the  highly  machined  me- 
chanical parts  of  the  transmission  and  torque  converter. 
An  oil  cooler  which  is  integral  with  the  radiator  is  also 
connected  into  the  transmission  and  torque  converter 
piping  to  maintain  the  hydraulic  fluid  at  the  proper 
operating  temperature.  The  high  pressure  necessary  for 
the  operation  of  the  transmission  clutches  is  supplied  by 
the  converter  charging  hydraulic  pump  mounted  on  the 
torque  converter.  It  also  supplies  the  lower  pressure  to 
charge  the  torque  converter.  The  pressure  is  regulated 
by  a  regulator  assembly  mounted  on  the  converter. 


TORQUE  CONVERTER  AND  TRANSMISSION 
PRESSURE  CHECKS 

To  determine  the  operating  efficiency  of  the  torque 
converter  and  transmission,  it  is  necessary  to  make 
pressure  checks  at  various  points  in  the  system.  If  pres- 
sures deviate  from  the  required  pressures,  the  cause  of 
the  incorrect  pressure  must  be  located  and  corrected 


immediately  before  major  damage  to  the  transmission 
or  torque  converter  occurs. 

NOTE:  All  hydraulic  pressure  checks  must  be  made 
with  the  hydraulic  fluid  at  operating  tempera 
ture  (200"F.  minimum). 

Converter  clutch  pressure.  Check  the  converter  clutch 
pressure  at  the  converter  pressure  regulator  valve  lo 
cated  on  the  lower  side  of  the  converter  slightly  to  the 
right  of  the  centerline  of  the  machine.  With  the  engine 
stopped,  remove  the  plug  (6).  (Refer  to  the  Pressure 
Regulator  Valve  illustration  foi 

prats  identification.  Insert  a  0  to  500  psi  hydrau- 
lic pressure  gauge  in  the  port.  With  the  direction 
shift  and  speed  shift  levers  in  NEUTRAL,  accelerate 
the  engine  to  2000  rpm  and  check  pressure.  Pressure 
should  be  240  to  280  psi. 

Converter  OUT  pressure.  With  the  engine  stopped 
remove  the  plug  from  the  port  to  which  the  elbow  (5) 
and  the  radiator  to  converter  hose  (4)  are  connected 
(Refer  to  Transmission  Hydraulic  System  illustratior 
TP  1051  ^or  Parts  identification.  In- 

sCiU  a  0  to  100  psi  hydraulic  pressure  gauge  into  the 
port.  Start  the  engine  and  accelerate  it  to  2000  rpm. 
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TRANSMISSION  HYDRAULIC 


Item 

Part  No. 

Description                   No. 

Req'd. 

Item 

Part  No. 

Description                   No. 

Req'd. 

1 

2 

2A 
3 

3A 
4 
5 
6 
7 
7A 
8 
8A 
8B 
8C 
8D 
9 
9A 
9B 
9C 
9D 
10 
10A 
11 

HA 
12 

12A 
13 

2067670 
6951986 
2058556 

2031961 

Converter,  Torque 
(See  Sep.  Illus.) 
Hose 
End,  Hose 
Elbow,  Adopter,  45°  (Incl. 
Item  3A) 
"0"Ring 
Pump  (See  Sep.  Illus.) 
Nipple 
Adapter,  90°  Union 
Hose 
End,  Hose 
Plate,  Mount 
Bolt 
Washer,  Flat 
Washer,  Lock 
Nut     
Filter  (See  Sep.  Illus.) 
Bolt 
Washer,  Flat 
Washer,  Lock 
Nut            -  .       . 

1 
2 

1 
1 

1 

1 
2 

4 
1 
4 
4 
4 
4 

4 
4 
4 
4 
1 
2 

2 
2 

1 
1 

14 

14A 
15 
15A 
16 
16A 
17 
18 
18A 
19 

20 
21 
21A 
22 
23 

23A 

24 

24A 
25 
26 
27 
28 
29 
30 
31 

2031925 

2031959 
2067672 
6951997 
2067668 
6951985 
2033212 
2068050 
6951989 

Elbow,  90°  (Incl.  Item 
14A) 
"0"  Ring 
Hose 
End,  Hose 
Hose 
End,  Hose 
Cock,  Drain 
Hose 
End,  Hose 
Gauge,  Clutch  Pressure 
(See  Instrument  Panel) 
Elbow,  90" 
Hose 
End,  Hose 
Elbow,  Adapter,  45° 
Elbow,  90"    (Incl.   Item 
23A) 
"0"  Ring 
Elbow,  90°  (Incl.  Item 
24A) 
"0"  Ring 
Nipple 
Elbow,  Pipe,  45° 
Elbow,  45° 
Adapter,  Straight 
Coupling 
Nipple,  R.H. 
Radiator  (See  Engine  & 
Related  Parts) 

1 
1 

1 

2 
1 
2 
2 
1 
2 

1 
1 

2 
1 

1 

1 

I 
1 
1 
1 
1 
1 
2 
2 

2034914 
2002794 
2068084 
6951995 
2067862 
2031477 
2032960 
2031391 
2031617 

2031479 
2032960 
2031391 
2031617 
2067667 
6951984 
2031927 

2031961 
2058556 

2031961 

2032274 
2067669 
6952000 
2032001 
2031925 

2031959 
2031927 

2031961 
2039440 
2032283 
2032301 
2031992 
2033087 
2033644 

Hose 
End,  Hose 
Elbow,  90°  (Incl.  Item 

HA)     
"0"  Ring 
Elbow,  Adapter,  45°  (Incl. 
Item  12A)     
"0"  Ring     
Transmission  (See  Sep.  Illus.) 

(N.I.)     Not  Illustrated 
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TRANSMISSION  OIL  FILTER  ASSEMBLY 


;m 

Port  No. 

Description                   No.  Req'd. 

A 
B 

1 
2 
3 
4 
5 
6 
7 
B 

.1.) 

2060028 
6955207 

6951384 
6951383 
6951387 
6951479 
6951397 

Oil  Filter  Assy.  (Incl. 
Items  1  thru  17)  
Element  &  Gasket  Kit 
duel.  Items  7  &  8) 
Plug 

1 

1 

Head 
Disc       
Spring          
"0"Rina 

6951385      Plug      " 
6951389      Gasket  Seal 
6951388      Element  Assy. 

Not  Illustrated 

Item 

Part  No. 

Description                    No.  Req'd. 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

6952008 
6951396 
6951394 
6951395 
6951392 
2033384 
6951398 
6951480 
6951391 
6951390 

Ring,  Snap      
Support,  Cartridge     ...  . 
Seal,  Bolt     
Washer,  Bolt  Seal  
Spring  Cartridge      
Plug    
Bolt,  Shell   Retainer  .. 

1 

Washer,  Copper    

Shell,  Sub-  Assy  

Shell  Assy.    (Incl.  Items 
9  thru  13  &  15  thru  17) 

SHUUllNCi  THb 
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TROUBLE 

PROBABLE  CAUSE 

REMEDY 

Low  converter  down-stream 
pressure  (below  20  psi  with 
engine  at  2000  rpm  —  no  load) 

Worn  oil  sealing  and  "O" 
rings. 

Trouble  is  internal  and  will 
require  a  complete  teartow.n 
of  the  converter. 

Worn  oil  pump. 

Replace. 

Safety  valve  remains  open. 

Clean  and  check  valve  spring 
and  valve. 

Suction  line  taking  air 

Low  oil  level. 

Fill  to  proper  level. 

Suction  line  connections 
taking  air. 

Worn  oil  pump. 

Check  oil  line  connections 
and  tighten  securely. 

Replace. 

High  converter  downstream 
pressure  (above  45  psi  with 
engine  at  2000  rpm  —  no  load) 

Oil  cooler  or  oil  lines 
restricted. 

Oil  too  heavy. 
Cold  oil. 

Check  oil  cooler  line  and  oil 
cooler  for  restrictions.  Clean 
or  replace. 

Check  oil  weight.     See  oil 
recommendations. 

Converter  pressure  in  cold 
weather  will  vary.    As  soon 
as  converter  gets  hot,  pressure 
should  drop. 

Overheating 

Oil  cooler  or  oil  cooler  lines 
restricted,  causing  safety 
valve  to  stay  open. 

Oil  cooler  too  sma'll. 
Worn  oil  pump. 
Converter  drain  line  to  trans- 
mission or  oil  sump  not 
installed  properly. 

Clean  and  check  oil  cooler  and 
oil  cooler  lines.     Replace  if 
necessary. 

Replace  with  larger  cooler. 
Replace  oil  pump. 

Install  at  lowest  drain  opening 
in  converter  housing.  Line  must 
maintain  constant  gradual  drop 
to  oil  sump  for  gravity  drain. 

Noisy  converter 

Worn  coupling  gear. 

Replace. 

Worn  oil  pump. 

Replace. 

Damaged  'bearing. 

A  complete  teardown  will  be 
necessary  to  determine. 
Replace  if  necessary. 

Worn  drive  gears. 

Replace. 

Low  clutch  pressure 

Transmission  malfunction 

Worn  oil  pump. 
Regulation  valve  stuck  open. 

Close  pressure  line  to  trans- 
mission control  valve.    If 
clutch  pressure  returns  to  nor- 
mal, trouble  in  transmission. 

Replace. 

Clean  and  check  valve  for 
worn  or  dirty  parts;  replace 
if  necessary. 

High  .clutch  pressure 

Regulation  valve  stuck  closed. 

Clean  and  check  valve  for 
worn  or  dirty  parts;   replace 
if  necessary. 

Lack  of  power 

Improper  engine  'function. 

Tune  engine. 

Engine  stall  speed  below  normal. 
Improper  oil. 

Tune  engine.  Check  governor. 

See  capacities  (transmission 
hydraulic  system  )  . 

Oil  in  engine  flywheel 
housing 

"O"  ring  between  impeller 
cover  and  impeller  damaged. 

Replace. 
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TORQUE  CONVERTER  ASSEMBLY 


Item 

Port  No. 

Description                    No. 

Req'd. 

A 

2055577 

Converter  Assy.,  Torque 

(Incl.  Items  1  thru  83) 

1 

1 

6900837 

Housing,  Converter  

1 

2 

6950649 

Valve  Assy.,  Check 

1 

3 

6950169 

Breather 

4 

2039282 

Spring,  Safety  Valve 

5 

2039281 

Plunger,  Safety  Valve 

6 

Valve  Assy.,  Pressure  Regu- 

lating (See  Sep.  Illus.) 

7 

2039221 

"0"  Ring    

8 

2031475 

Screw,  Valve  to  Converter  . 

2 

8A 

2031391 

Washer,  Lock 

2 

9 

2039284 

Gasket 

1 

10 

2033383 

Plug,  Pipe     

1 

11 

2033386 

Plug,  Pipe 

12 

6900836 

Ring,  Retaining      

13 

6900805 

Bearing,  Output  Shaft 

Front         

14 

6900789 

Gear,  Output  Shaft 

15 

6900787 

Shaft,  Output    

16 

6900788 

Ring,  Retaining    

17 

2039344 

Bearing,  Output  Shaft 

Rear         

18 

2039297 

Seal,  Oil 

19 

2039222 

"0"  Ring 

20 

6900783 

Retainer  &  Seal  Assy. 

(Incl.  Item  18) 

1 

21 

2039287 

Stud,  Retainer 

2 

22 

2033516 

Nut     

2 

22A 

2031392 

Washer,  Lock 

2 

23 

2022477 

Flange,  Output 

24 

2035400 

"0"  Ring 

25 

2039300 

Washer,  Output  Shaft  

26 

2039301 

Nut,  Output  Shaft 

26A 

2031771 

Pin,  Cotter 

27 

2031498 

Bolt,  Retainer 

3 

27A 

2031392 

Washer,  Lock 

3 

28 

2039316 

Ring,  Retaining     

3 

29 

2039315 

Gear,  Pump  Drive 

3 

30 

6950117 

Bearing,  Pump  Shaft  Front 

3 

31 

6950118 

Spacer,  Pump  Shaft  

3 

32 

203931  1 

Bearing,   Pump  Shaft  Rear 

3 

33 

2031480 

Bolt,  Oil  Baffle 

3 

33A 

2031391 

Washer,  Lock 

3 

34 

2039310 

Ring,  Retaining    

3 

35 

2039309 

Washer,  Pump  Shaft 

3 

36 

2039308 

Ring,  Retaining    

3 

37 

2039304 

Shaft,  Pump  Drive    

3 

38 

2039312 

Ring,  Retaining 

3 

39 

2039307 

Sleeve,  Pump  Drive 

Adapter 

1 

40 

2039306 

Gasket 

2 

41 

6900782 

Pump  Assy.,  Converter 

Charging 

1 

41A 

6900798 

Adapter,  Pump  (N.I.)  

1 

Item 

Part  No. 

Description                   N 

41  B 

2033268 

Gasket  (N.I.)  

41C 

2031475 

Bolt  (N.I.)      

41  D 

2031391 

Washer,  Lock  (N.I.)  

41E 

2035557 

Stud  (N.I.)       

42 

2039305 

Stud,  Pump           

43 

2033515 

Nut                 

43A 

2031391 

Washer,  Lock         

44 

2039318 

Baffle,  Oil       

45 

2039270 

"0"  Ring            

46 

2039278 

Seal,  Oil       

47 

2039279 

Gear,  Impeller  Hub 

48 

2039292 

Ring,  Sealing       

49 

2039290 

Ring,  Retaining 

50 

2031519 

Screw,  Stator  Support   

50A 

2039403 

Washer,  Lock         

51 

2039302 

Support  &  Sleeve,  Assy. 

Stator          

52 

6900781 

Shaft,  Turbine      

53 

2039293 

Ring,  Sealing       

54 

2039295 

Bearing              

55 

2039275 

Ring,  Retaining     

56 

6900786 

Gear,  Turbine  Shaft     

57 

6900785 

Ring,  Retaining     

58 

2039322 

Screw,  Turbine  Hub      

58A 

2039321 

Washer                     

59 

2022475 

Turbine                       

60 

2039323 

Hub,  Turbine 

61 

2039263 

Ring,  Retaining    

62 

2022476 

Reaction  Member      

63 

2039271 

Pin                      

64 

2039274 

Spacer                   

65 

2039275 

Ring,  Retaining    

66 

6950167 

Bearing,    Hub       

67 

2022474 

Hub       

68 

2039410 

"0"  Ring          

69 

2022473 

Impeller                

70 

2030811 

Bolt,  Hub         

70A 

2039277 

Washer,  Lock       

71 

2039266 

Gear  Assy.,  Ring   (Incl. 

Items  72  &72A)    

72 

2039267 

Bolt,  Ring  Gear  to  Flywheel 

72A 

6950168 

Washer 

73 

2039325 

Sleeve,  Impeller  Cover  

74 

2031475 

Screw,  Cover         

74A 

2031391 

Washer,  Lock 

75 

2039265 

Cover,  Impeller 

76 

2039270 

"0"  Ring          

77 

2039261 

Bearing,  Cover           .    . 

78 

2039324 

Ring,  Retaining     

79 

2039262 

Ring,  Retaining     

80 

2033389 

Plug,  Pipe  (N.I.)        

81 

2033388 

Plug,  Pipe  (N.I.)    

82 

6900829 

Plate,  Identification  (N.I.) 

83 

2039273 

Screw  (N.I.)         

<J.I.    Not  Illustrated 


Check  the  converter  OUT  pressure  on  the  gauge.  It 
must  be  between  25  and  40  psi.  Transmission  clutch 
pressure.  With  a  0  to  500  psi  pressure  gauge  connected 
as  directed  for  the  converter  clutch  pressure  check  de- 
scribed above,  start  the  engine  and  allow  it  to  run  at 
idle  speed  (400  to  600  rpm) .  Shift  the  transmission  di- 
rection and  speed  range  levers  in  the  following  positions 
and  check  the  clutch  pressure  readings  on  the  gauge: 

FORWARD  AND  LOW 
FORWARD  AND  HIGH 
REVERSE  AND  LOW 
REVERSE  AND  HIGH 

Minimum  oil  pressure  at  any  of  these  settings  must  be 
240  psi. 


TORQUE  CONVERTER  DISASSEMBLY 

To  remove  the  torque  converter,  it  is  necessary  to  re- 
move the  assembled  converter  and  engine.  Thoroughly 
clean  the  area  of  the  engine  around  the  torque  converter 
before  removing  the  converter  to  prevent  entry  of  dirt 
into  the  converter.  Support  the  converter  and  remove 
the  bolts  that  secure  the  converter  to  the  engine.  Pull 
straight  out  on  the  converter  to  free  it  from  the  engine. 
The  following  procedure  describes  the  disassemby  of 
the  torque  converter  when  it  is  removed  from  the  ve- 
hicle for  complete  overhaul. 

CAUTION:  Cleanliness  is  of  extreme  importance  and 
an.  absolute  must  in  the  repair  and  over- 
haul of  the  converter.  Before  attempting 
any  repairs,  the  exterior  of  the  unit  must 
be  thoroughly  cleaned  to  prevent  the  pos- 
sibility of  dirt  and  foreign  matter  entering 
the  mechanism. 


Remove  bolts  securing  impeller  cover  to  impeller  (Fig. 
25. 

Use  two  bolts  in  threaded  puller  holes  180  degrees  apart 
to  remove  imueller  cover  from  impeller  (Fig.  26). 


Fig.  26 


If  pilot  bushing  sleeve  is  to  be  replaced,  use  procedure 
sdiown  in  Fig.  27. 


Fio.    27 


Fig.  28 


Remove  outer  turbine  hub  retainer  ring  (Fig.  29). 


Fig.  29 

Remove  turbine  and  hub  assembly  from  turbine  shaft. 
Remove  turbine  locating  ring  (Fig.  30). 


Fig.  31 

Remove  reaction  member  from  stator  support;  threaded 
puller  holes  are  provided  should  reaction  member  be 
too  tight  to  be  removed  fey  hand  (Fig.  32). 


Fig.  32 

Reaction  member  spacer  is  held  to  reaction  member  by 
a  roll  pin;    replace  if  damaged  (Fig.  33). 


Fig.   30 


Fig.  3J 


tnree  ooits  tnat  secure  oil  battle   to  converter 
housing  (Fig.  34). 


Fig.  34 


Install  special  puller  tool  as  shown  in  Fig.  35;  turn  jack 
screw,  pulling  oil  baffle  and  impeller  from  stator  sup- 
port as  an  assembly.  Special  tool  can  be  made  for  easier 
removal  of  impeller  assembly,  but  is  not  necessary  (Fig. 
36). 


Fig.  35 


it  special  tool  is  not  available,  remove  oil  baffle  bolt 
part  way.  Tap  lightly  on  each  bolt;  this  will  loosen  oi 
baffle  from  converter  Irousing;  remove  oil  baffle  an< 
impeller  from  housing  as  an  assembly  (Fig.  36). 

Remove  impeller  hub  gear  retainer  (Fig  37) . 


Fig.  37 


Remove  impeller  hub  gear  and  oil  baffle  from  impellei 
(Fig.  38). 

NOTE:   Oil  seal  should  be  removed  only  if  it  is  lo  Lie 
replaced. 


\. 


Fig.  36 


Fig.  38 


Fig.  39 


Remove  impeller  hub  bolt  lockwire  and  hub  bolts  (Fig. 
40). 


ill 


Fig.  40 

Remove  impeller  hub  from  impeller.  Remove  hub  "O" 
ring  (Fig.  41). 


Fig.  42 

Three  pump  drives  are  installed  on  the  converter.  Dis- 
assembly is  similar  for  the  three  drives. 

Remove  oil  pump  drive  gear  retaining  rings.   Remove 
drive  gears  from  pump  shafts  (Fig.  43) . 


Fig.  43 

Remove  stator  support  bolts  (Fig.  44). 


Fig.  41 


Fig.  44 


converter  housing   (Fig.  45). 


bearing   from  turbine  shaft.   Remove  oil  sealing  rings 
from  stator  support  and  turbine  shaft  (Fig.  48). 


Fig.  45 

Remove   turbine   shaft   gear   retainer   ring  and    turbine 
shaft  gear  (Fig.  46) . 


Fig.  46 

Remove  turbine  shaft  bearing  retainer  ring  from  stator 
support  (Fig.  47). 
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Fig.  47 


Fig.  48 

Remove  pump  adapter  sleeve  from  pump  shaft.  Remove 
pump  shaft  washer  retainer  ring  and  pump  shaft  washei 
(Fig.  49). 


Fig.  49 

Tap  on  pump  shaft  from  inside  converter  housing  pumj 
shaft  and  bearings  will  come  out  as  an  assembly  (Fig 
50). 


Fig.  50 


Remove  pressure  regulator  valve  assembly    (Fig.  52). 

Use  caution  as  not  to  lose  safety  valve  plunger  or  spring. 
(See  arrow.) 


Fig.  52 

Depress  piston  stop  and  remove  piston  stop  roll  pin. 

Remove  piston  stop  and  inner  and  outer  spring.  Remove 
roll  pin  at  opposite  end.  Remove  valve  stop  and  valve 
piston  (Fig.  53). 


o  g 


sary  in  reassembling.  Dirt  in  its  many  forms  can  and 
will  cause  trouble.  Therefore,  when  reassembling  the 
converter  or  any  of  its  parts,  be  sure  all  parts  have  been 
thoroughly  cleaned  with  a  suitable  cleaning  fluid.  After 
cleaning,  dry  all  parts  with  moisture-free,  compressed 


A  thorough  visual  examination  of  all  parts  should  be 
made  before  reassembly.  Replace  any  parts  that  show 
excessive  wear  or  damage.  Small  nicks  or  burrs  may  be 
removed  with  a  hone  or  crocus  cloth.  It  is  recommended 
that  all  gaskets,  oil  seals,  piston  sealing  rings,  "O"  rings 
and  internal  lockwashers  be  replaced. 

A  light  coat  of  Permatex  No.  2,  applied  to  the  outer 
diameter  of  oil  seals,  ensures  a  good  oil  tight  fit  between 
oil  seal  and  housing.  The  use  of  grease  is  recommended 
when  positioning  new  gaskets  in  their  respective  loca- 
tions. Coat  piston  sealing  rings  and  "O"  rings  with  type 
"A"  Automatic  Transmission  Fluid  to  facilitate  assem- 
bly. 


TORQUE  CONVERTER  REASSEMBLY 

Install  valve  piston  (Fig.  54).      Install  valve  sop  and 
new  "O"  ring  in  valve  housing  and  secure  with  roll  pin. 


Fig.  54 

Install  inner  and  outer  valve  spring  in  valve  housing 
(Fig.  55).  Install  valve  spring  stop  and  new  "O"  ring  in 
valve  housing.  Depress  spring  stop  and  install  spring 
stop  roll  pin. 


Fig.  53 


Fig.  55 

Install  pump  shaft  rear  bearing  locating  ring.  Press  rear 
bearing  on  pump  shaft  with  bearing  snap  ring  toward 
rear  of  shaft.  Install  bearing  spacer  and  press  front 
bearing  on  shaft  until  it  shoulders  against  bearing 
spacer  (Fig.  56). 


Fig.  56 


Install  pump  shaft  and  bearing  assembly  in  converter 
housing  (Fig.  57). 


Fig.  57 


Tap  pump  shaft  and  bearing  assembly  in  converter 
housing  until  rear  bearing  snap  ring  shoulders  against 
bearing  bore  (Fig.  58). 


Install   pump   shaft   washer   and   washer   retainer   ring 

Pump  adapter  sleeve  can  be  installed  just  before  pum 
installation   (Fig.  59). 


Fig.  59 


Press  output  shaft  oil   seal   in   bearing  retainer,   lip   c 
seal  in   (Fig,  60). 


NOTE:  Oil  seal  must  be  pressed  "J/\(s  inch  below  rez 
face  of  bearing  retainer.  Press  rear  output  shal 
bearing  in  bearing  retainer  rnd  secure  wit 
retainer  ring. 


Fig.  58 


Fig.  60 


Pi'.  61 


Press  output  shaft,  gear,  and  bearing  assembly  through 
rear  bearing  and.  bearing  retainer  (Fig.  62) .  Secure  out- 
put shaft  gear  in  vise  equipped  with  soft  jaws.  Install 
irotnpanion  flange,  new  flange  "O"  ring,  flange  washer, 
and  flange  nut;  tighten  nut  200  to  250  Ib.  ft.  torque. 

Install  nut  cotter. 


Fig.  64 

Press  shaft  and  bearing  assembly  in  stator  support.  Use 
caution  as  not  to  damage  oil  sealing  ring.  Secure  bearing 
with  retainer  ring  (Fig.  65). 


Fig.  62 

Install  new  "O"  ring  (see  arrow)  on  output  shaft  bear- 
ing retainer.  Install  output  shaft  assembly  to  converter 
housing  and  secure  with  nuts,  bolts  and  lockwasher; 
tighten  35  to  40  Ib.  ft.  torque  (Fig,  63). 


Fig.  65 


Fig.  63 


Fig.  65 

Install  turbine  shaft  gear  on  turbine  shaft  and  secure 
with  retainer  ring  (Fig.  66). 


Install  oil   sealmg   ring    (sea   arrow)    on   stator  support  Install  oil   pump  dnve  gears  and  secure   with   retain, 

v     K'       ''  rings  (Fig.  69) . 


Fig.  67 


Fig.  69 
Press  new  oil  seal  in  oil  baffle  with  lip  of  seal  down  (Fig 


Align  holes  in  stator  support  with  holes  in  converter 
housing.  Install  bolts  and  tighten  45  to  50  Ib.  ft.  torque. 
Lockwire  bolts  in  pairs  to  prevent  loosening  (Fig.  68). 


at- 


o 


Fig.  70 


rt.  torque.  J-ocicwire  DOICS  in  pairs  iu  pi-cvcm  lu^otmujj. 

Install  oil  baffle  or  impeller  assembly.  Install  impeller 
hub  gear  on  impeller  hub  and.  secure  with  retainer  ring. 

Install  new  "O"  ring  on  oil  baffle  (see  arrow)   (Fig.  72). 


Fig.  72 


Install  impeller  and  oil  baffle  assembly  over  stator  sup- 
port and  into  converter  housing.  Align  holes  in  oil 
baffle  with  holes  in  converter  housing.  Install  bolts  and 
lockwasheis  into  oil  baffle  (Fig.  73 ) .  Tighten,  -baffle  bolts 
evenly  to  prevent  damaging  oil  baffle  "O"  ring.  Tighten 
20  to  25  fb.  ft.  torque. 


Fig.  74 

Install   reaction  member  on   stator  support  and  secure 
with  retaining  ring  (75). 


Fig.  75 

Install  inner  turbine  locating  ring  on  turbine  shaft  (Fig. 
76). 


Fig.  73 


Fig.  76 


Install  turbine  and  hub  assembly  on  turbine  shaft  and 
secure  with  outer  retaining  ring  (Fig.  77). 


Fig.  77 


Press  pilot  bearing  in  impeller  cover  and  secure  with 
retainer  ring   (Fig.  78). 


Fig.  78 


Heat  impeller  cover  sleeve  to  200  degrees  and  press  on 
impeller  cover. 


Install  spring  and  plunger  in  converter  housing  (see 
arrow).  Install  new  gasket  on  valve  assembly.  Install 
new  "O"  ring  on  valve  assem'bly  (Fig.  79).  Secure  valve 

assembly  to  converter  housing  with  Dolts  and  lockwash- 
tu    C*   .„_«..- 


Fig.  79 

Install  new  "O"  ring  (see  arrow)  on  impeller  covei 
Align  holes  in  impeller  cover  with  holes  in  impelle 
(Fig.  80). 


Fig.  80 

Install  impeller  cover  to  impeller  bolts  and  lockwashet 
and  tighten  20  to  25  Ib.  ft.  torque.    (Fig.  81). 


J^Uf.^  in  ** 


Fig.  81 

Install  the  torque  converter  on  the  engine,  mounting  i 
squarely  on  the  flywheel  housing  so  that  the  ring  ge: 
and  pilot  bearing  engage  mating  parts  in  the  engin 

Car-iifo  iiMl-k    knife  tnrnnfA    tn   7f)  tn  75   111.   ft.  torOUC. 
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Item 

Part  No. 

Description                   No 

.  Req'd. 

A 

1 
1A 
2 
3 
4 
4A 
5 
6 
7 
7 
7 
8 
9 
10 
11 
12 
13 
14 
14A 
15 
16 
17 
18 
19 
20 
21 
22 

24 

25 
26 
26A 
27 
28 
29 

30 
31 
32 

33 
33A 

2067761 

6900826 
6900827 
6900812 
6900811 
2031519 
6900809 
6900808 
6900807 
2039422 
2039423 
2039424 
2039491 
6900830 
2039490 
2039381 
2033383 
2039383 
6900832 
6950119 
2039262 
2039343 
2039336 
2039337 
2039382 
2039355 
6901253 
2039375 

Transmission  Assy.   (Incl. 
Items  1  thru  72A)  
Nut,  Flange 

1 

4 

•• 

AR 
AR 
AR 

2 

: 
i 

15 
15 
1 
1 

1 
1 
1 

1 
3 
3 

Pin,  Cotter 

Washer     
"0"  Ring    
Screw,  Bearing  Cap    
Washer,  Lock              
Seal,  Oil    
Cap,  Bearing    
Shim,  .004  in.  Thick  
Shim,  .007  in.  Thick  
Shim,  .010  in.  Thick 

"0"Ring      
Spacer,  Brake  Flange  
Ball,  Detent     
Spring,  Detent      
Plug,  Detent       
Fork,  Range  Shift    
Case,  Transmission     
Plug,  Case  Bore  (N.I.) 
Ring,  Retaining 

Pin 

Bearing,  Input  Shaft  
Gear,  Input  Shaft  
Screw,  Lock,  Range  Shift  .. 
Shaft,  Input     
Rail,  Range  Shift  
Seal,  Oil     
Forward,   Reverse  &   Low 
Clutch  Group     (See 
Sep.  Illus.) 
High  Clutch  Group 
(See  Sep.  Illus.) 
Gasket 

2039294 
2031474 
6951321 
2039346 
2039334 
2039363 

Screw,  Plate  to  Cover  
Washer,  Lock     
Plate     
Cover,  Transmission    
Bearing  Assy.,  Input  Shaft 
(Incl.  Item  30)     
Ring,  Locating  (N.S.S.)    .. 
"0"  Ring     
Cap  &  Seal  Assy.,  Input 
Shaft  Bearing  (Incl. 
Item  34)     
Screw,  Bearing  Cap 
Washer,  Lock    

2039453 
6900800 

2031497 
2031391 

Item 

Part  No. 

Description                   No. 

34 
35 
36 
37 
38 
38A 
39 
39A 
40 
41 
41  A 
42 
43 
44 
45 
45A 
46 

47 
47A 
48 
49 
50 
51 
52 
52A 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 
71 
72 
72A 

2039297 
2022477 
2039230 
2039300 
2039301 
2031772 
6900834 
2039273 
2039362 
2031497 
2031391 
2039357 
2039492 
2039446 
2031497 
2031392 

Seal,  Oil 

Flange,  Input  Shaft    
"0"  Ring 

Washer,  Flange       

Nut    
Pin,  Cotter       
Plate,  Identification     
Screw,  Identification  Plate 
Gasket     
Screw,  Cap     1 
Washer,  Lock            ..              1 

Cap,  Distributor  Bearing  .. 
"0"  Ring    
Plug,  Pipe 

Screw,  Cover  to  Case  1 
Washer,  Lock    2 
Transmission  Control  Valve 
Assy.  (See  Sep.  Illus.) 
Nut,  Flange       
Pin,  Cotter     
Washer             
"0"Ring     
Flange,  Output  Shaft  
Seal,  Oil      
Screw        

6900826 
6900827 
6900812 
6900811 
2059449 
6900805 
2031519 
6900809 
6900807 
2039491 
6900823 
6900822 
6900806 
6900803 
6900804 
6901272 
2039384 
6900802 
6900838 
2033212 
2039374 
6950187 
6950188 
6901311 

Washer,  Lock     
Cap,  Bearing 
"0"  Ring     
Cup,  Bearing 
Cone,  Bearing         
Washer,  Thrust       
Bearing,  Output  Shaft    .... 
Gear,  High     
Shaft,  Output    

Hub,  Output  Shaft  Shift  .. 
Gear,  Low    

Plate,  Baffle    

Cock,  Drain     
Screen  Assy.,  Suction 
Gasket    

Plug,  Suction  Screen  
Plug,  Magnetic  Drain  
Parking  Brake  Assy. 
(See  Sep.  Illus.) 
Flange,  Brake     

6900831 
2039420 
2030789 
2031391 

Drum,  Brake    
Screw,  Flange    
Washer,  Lock    

(N.I.)     Not  Illustrated 

(N.S.S.)     Not  Serviced  Separately 


AR     As  Re 


1     2 
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25      24       23 


22       21 
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m        Part  Ho 


HIGH  CLUTCH  GROUP 


Description 


No.  Req'd. 


Clutch  Pack  Assy.   (Incl. 
Items  1  thru  25) 

6900790  Disc,  Inner 
2039353  Disc,  Outer 
2039351  Plate,  Disc  Backing 
2039350  Ring,  Retaining 

2039328  Ring,  Retaining    

2039349  Spring,  Piston  Return 

2039347  Washer,  Return  Spring 

2039317  Ring,  Retaining 

2039341  Bearing 

6900792  Hub,  Gear  &  Clutch 

6900791  Spacer,   Bearing 
2039341  Bearing 


6 
5 


Item        Part  No. 


Description 


No.  Req'd. 


13 
14 
15 
16 
17 

6900793 
2039262 
2039354 
2039332 
2039338 

Bearing,  Shaft 
Ring,  Retaining    
Ring,  Shaft  Piston                       J 
Ring,  Shaft  Piston 
Piston,  Clutch    

I 

' 

18 
19 
20 
21 
22 
23 
24 
25 

2039339 
2039333 
6900833 
6900796 
6900795 
2039337 
6900794 
2039262 

Ring,  Outer  Piston 
Shaft  &  Plug  Assy.   
Drum  &  Gear  Assy.,  Clutch 
Bearing,  Gear 
Ring,  Retaining 
Gear    
Spacer,   Gear      
Ring,  Retaining 

1 

TRANSMISSION  DISASSEMBLY 

To  remove  the  transmission  from  the  vehicle,  drain  the 
transmission  and  torque  converter  hydraulic  system, 
iisconnect  the  three  drive  shafts,  and  disconnect  all 
linkage.  Disconnect  the  hydraulic  system  hoses  from  the 
transmission.  Adequately  support  the  transmission  with 
a  floor  jack  and  remove  the  bolts  that  secure  the  trans- 
mission to  the  vehicle;  remove  the  transmission. 


CAUTION:  Cleanliness  is  of  extreme  importance  and 
an  absolute  must  in  the  repair  and  over- 
haul of  this  transmission.  Before  attempt- 
ing any  repairs,  the  exterior  of  the  unit 
must  be  thoroughly  cleaned  to  prevent 
the  possibility  of  dirt  and  foreign  matter 
entering  the  mechanism. 

Remove   input   companion    flange,   all   exterior  bearing 
caps,  and  control  valve. 

Remove  transmission  cover  bolts  and  lockwashers   (Fig. 
82). 


Each  bearing  has  a   locating  ring  on  it;   remove 
rings,  five  in  all  (Fig.  83). 


Fit:.  85 

Using  a  suitable  tool,  pry  cover  from  transmissic 

NOTE:  As  cover  is  being  pried  from  case,  ta 
shaft  with  a  soft  hammer  to  prevent  i 
coming  out  with  cover  (Fig.  84). 


Fig.  82 


Fig. 


Under   the  transmission  cover  is   the  oil  circuit  plaie. 

When  repairs  are  made,  remove  plate  and  check  for  dirt 
and  foreign  matter   (Fig.  85). 


Fig.  85 


Remove  input  slhaft  bearing  (Fig.  86). 


*         i 


"*«, 


The  clutch  packs  must  be  removed  in  sequence  A,  B,  C 
and  D  as  shown  in  Fig.  87.  Pull  clutch  B  out  of  casi 
about  %  inch  to  allow  clutch  A  to  pass  clutch  B.  Pul 
clutch  A  from  case. 


Fig.  87 

With  cluch  A  removed  (Fig.  88),  tap  clutch  B  'back  ii 
case.  Pull  clutch  C  out  of  case  about  %  inch  to  allov 
clutch  B  to  pass  clutch  C.  Tap  clutch  C  back  in  cas 
and  pull  clutch  D  out  of  case  about  %  inch  to  alloi 
clutch  C  to  pass  clutch  D.  After  clutch  C  has  beei 
removed,  remove  clutch  D.  Pull  input  shaft  from  case 


INPUT        FORWARD 


Fig.  86 


Fig.  88 


REV.          INPUT  FORWARD 

A  B 


Fig.  89 

nove  brake  drum  flange  nut  and  brake  drum.  Remove 
ke  band  retaining  springs  and  'brake  ibands  (Fig.  90). 


Remove  rear  bearing  lap  (Fig.  92).  Remove  range  shift 
rail  detent  plug  (Fig.  92).  Remove  detent  spring  and 
ball.  Remove  range  shift  fork  lockscrew.  Remove  range 
shift  fork  rail  and  shift  fork. 


06TINT 
PLUG 


WHEN  ASSIMBLID 
Oil  SCOOP  MJi$i 
Bl 


Fig.  90 


Fig.  92 


tslock  low  gear  as  shown  in  rig.  93.  Using  a  son  hammer 
at  the  brake  end  of  the  output  shaft,  drive  the  shaft  and 
high  gear  front  bearing  from  transmission  case. 

CAUTION:  High  gear  will  pass  through  bore  in  case, 
but  care  must  be  used  to  prevent  damage 
of  gear  teeth  or  transmission  case  bore. 


Remove  oil  sump  screen  and  oil  baffle  plate  to  tacilitat 
cleaning  (Fig.  96). 


Fig.  93 

Remove   output   shaft,   high   gear,   and  bearing  as   an 
assembly  from  the  case  (Fig.  94). 


Fig.  94 


Pull  high  gear  and  bearing  from  output  shaft  (Fig. 
95).  If  bearings  must  be  replaced,  press  bearings  from 
high  and  low  gears. 


Fig.  96 


TRANSMISSION  CLUTCH  DISASSEMBLY 

To  disassemble  forward,  reverse  and  low  clutch  assert 
blies,  remove  bearing  retainer  ring.  Using  suitabl 
puller,  remove  clutch  disc  hub  gear  and  front  ges 
bearing  (Fig.  97). 


Fig.  97 

Using  a  suitable  puller,  remove  rear  bearing  (Fig.  98 
Remove  end  plate  retainer  ring  and  end  plate.  Remo' 
inner  and  outer  clrtch  discs. 


Fig.  98 


piece  of  common  pipe  with  a  2/2  inch  inside  diameter, 
2%  inch  outside  diameter,  and  5  inches  long. 

Remove  clutch  piston  return  spring  and  clutch  piston 
(Fig.  100). 

NOTE:  High  clutch  disassembles  the  same  as  the  for- 
ward, reverse  and  low  clutches,  except  clutch 
shaft  oil  sealing  rings  are  on  the  same  end  as 
the  clutch  disc  hub  and  must  be  removed  first 
instead  of  later,  as  in  the  other  three  clutches. 


Fig.  99 


TRANSMISSION  CONTROL  VALVE 
DISASSEMBLY 


Thoroughly  clean  the  exterior  of  the  valve  to  prevent 
entry  of  dirt  into  the  valve.  To  disassemble  the  control 
valve,  refer  to  Transmission  Control  Valve  illustration 


Remove  cap  (3)  with  "O"  Ring  (4). 


Fig.  100 


Transmission  Control  Valve 


8 
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TRANSMISSION  CONTROL  VALVE  ASSEMBLY 


Item 

Part  No. 

Description                    No. 

Req'd. 

A 

1 
2 
3 
4 
5 

6901254 

2039372 
6950110 
6901214 
6750674 
6901255 

Valve  Assy.,    Tansmission 
Control    (Incl.  Items  1 
thru  12)     
Spring,  Return     
Valve,  Slave  Unit  Control 
Cap  (Incl.  Item  4)   
"0"Ring    
Valve,  Manual  Control 

1 
1 
1 
1 
1 
2 

Item 

Part  No. 

Description 

No.  Req'd. 

6 

2039375 

Seal,  Oil         

2 

7 
8 
8A 
9 
10 
11 
12 

6950109 
2031497 
2031392 
2039490 
2039378 
2039379 
2039377 

Housing,  Control  Valve 
Screw,  Housing  to  Cover 
Washer,  Lock     
Ball,  Detent     
Spring,  Detent     
Pin,  Detent  Stop     
Gasket     

1 
4 
4 
2 
2 
2 
1 

THINK 
Never  leave  operators  seat  with  the  engine  running. 


WHEN  ORDERING  PARTS  ALWAYS  FURNISH  SERIAL  NUMBER  OF  MACHINE 


TRANSMISSION  CLEANING  AND 
INSPECTION 

Cleanliness  of  the  respective  parts  is  absolutely  neces- 
sary in  reassembling.  Dirt  in  its  many  forms  can  and 
will  cause  trouble.  Therefore,  before  reassembling  the 
transmission  or  any  of  its  parts,  be  sure  all  parts  have 
been  thoroughly  cleaned  with  suitable  cleaning  fluid. 
After  cleaning,  all  parts  should  be  dried  with  moisture- 
free,  compressed  air. 

A  thorough  visual  examination  of  all  parts  should  be 
made  before  reassembly.  Any  parts  that  show  excessive 
wear  or  damage  should  be  replaced.  Small  nicks  or 
burrs  may  be  removed  with  a  hone  or  crocus  cloth.  It 
is  recommended  that  all  gaskets,  oil  seals,  piston  sealing 
rings,  "O"  rings  and  internal  lockwashers  be  replaced. 
The  use  of  grease  is  recommended  when  positioning 
new  gaskets  in  their  respective  locations.  Piston  sealing 
rings  and  "O"  rings  should  be  coated  with  type  "A" 
Automatic  Transmission  Fluid  to  facilitate  assembly. 


TRANSMISSION  CLUTCH  REASSEMBLY 

Before  reassembling  the  clutch,  lubricate  all  parts  with 
a  light  coating  of  type  "A"  Automatic  Transmission 
Fluid.  Refer  to  Forward,  Reverse,  and  Low  Clutch  il- 
lustration for  parts  identification. 

Install  new  piston  outer  sealing  ring  (8)  on  piston. 

Install  new  piston  inner  sealing  ring  (9)  on  clutch  shaft. 
Install  piston  (7)  in  clutch  drum  (10). 

Install  piston  return  spring  (6)   on  clutch  shaft. 

Position  return  spring  washer  (5)  and  retaining  ring 
(4). 

Compress  spring  and  washers  as  shown  in  Fig.  99  and 
install  washer  retaining  ring. 

Install  one  bronze  disc  (1).  Each  steel  disc  has  a  0.015 
to  0.020  dish  in  them.  Each  steel  disc  has  two  oil  grooves 
180  degrees  apart  on  the  outer  diameter. 

Install  one  steel  disc  (2)  with  dish  away  from  repair- 
man. 


Install  one  bronze  disc  (1). 

Install  second  steel  disc  (2)  with  dish  away  from  repai 
man  and  oil  grooves  lined  up  with  oil  grooves  in  fit 
steel  disc. 

Follow  this  sequence  until  five  steel  discs  and  six  bron 
discs  have  been  installed,  being  sure  the  dish  on  tl 
steel  discs  are  away  from  the  repairman  and  the  c 
grooves  are  all  lined  up. 

Install  end  plate  (14)  and  retaining  ring  (15). 

NOTE:  There  should  be  about   Y&  inch  clearance  b 
tween  the  last  bronze  disc  and  the  end  plat 

Install  one  disc  hub  bearing  (19)  (bearing  ring  dowi 
on  the  clutch  shaft. 


Install  bearing  spacer   (18)    (oil  groove  down)   on  tl 
clutch  shaft. 


Install  clutch  disc  hub  (17)  into  clutch  drum,  alignir 
the  internal  teeth  on  the  bronze  disc  with  the  spline  c 
the  disc  hub.  The  hub  bearing  on  the  clutch  shaft  w 
have  to  be  worked  into  the  clutch  disc  hub.  It  is  a  slip  ' 
and  must  not  be  forced. 

CAUTION:   Be  sure  clutch  disc  hub  is  in  full  positic 
with  teeth  on  all  bronze  disc. 


On  the  reverse,  forward  and  low  clutch,  the  distan 
between  the  bottom  face  of  the  clutch  disc  hub  ge 
teeth  and  the  clutch  end  plate  is  about  7/16  inch.  Tl 
high  clutch  has  a  distance  of  about  5/32  inch.  A  mea 
urement  larger  than  these  indicates  the  bottom  bron 
disc  is  not  engaged  with  the  clutch  disc  hub. 

Press  second  disc  hub  bearing  (20)  (bearing  ring  u| 
in  disc  hub. 

NOTE:  Bearing    ring   will    not    bottom    on    disc    hu 
bearing  bottoms  on  bearing  spacer  in  hub. 

Install  clutch  shaft  rear  bearing  (11)  and  bearing  i 
taining  ring  (12). 


FRANSMISSION  CONTROL  VALVE 
REASSEMBLY 

Fhe  internal  parts  of  the  transmission  control  valve  are 
lighly  machined  and  polished.  Handle  the  parts  care- 
"ully  to  prevent  scratching  or  nicking.  Take  care  to 
arevent  the  entry  of  dirt  or  dust  particles  which  will 
Jamage  the  surfaces.  Refer  to  the  Transmission  Control 
V'alve  illustration  for  parts  identi- 

fication. 

[nstall  the  return  spring  (1)  and  slave  unit  control 
valve  (2)  in  the  housing  (7).  Install  the  cap  (3)  with 
•O"  Ring  (4). 

Install  the  two  manual  control  valves  (5)  in  the  control 
housing  (7);  install  the  oil  seals   (6). 


TRANSMISSION  REASSEMBLY 

[nstall  oil  baffle  plate  and  oil  sump  screen  (Fig.  96). 

If  bearings  were  pressed  from  high  and  low  gears,  pro- 
ceed as  follows: 

Press  one  bearing  in  gear.  Press  second  bearing  on  top 
of  first  bearing.  Bearings  will  be  together  in  the  center 
of  gear. 

NOTE:  Bearings  must  be  from  .015  to  .025  inch  from 
face  of  gear  hub.  Check  both  sides  of  gear  hub 
to  be  sure  bearings  are  below  face  of  gear. 

Install  high  gear  (34  teeth)  and  bearing  assembly  on 
output  shaft.  Clutching  teeth  on  gear  go  toward  hub  on 
output  shaft.  Install  thrust  washer  next  to  high  gear. 

Press  cone  bearing  on  shaft  to  bottom  on  washer  (Fig. 
101). 

NOTE:  Press  bearing  against  thrust  washer  tight 
enough  so'  that  washer  will  not  turn  on  shaft. 

Install  low  gear  (61  teeth)  and  bearing  assembly  in 
housing  with  clutching  teeth  on  gear  toward  center  of 
rase  (Fig.  94). 

[nstall  range  selector  shift  hub  on  shaft.  Install  high 
gear  and  shaft  assembly  through  case  bore  and  into 
low  gear. 


Fig.   101 


Install  new  "O"  ring  on  disconnect  housing.  Install  dis- 
connect on  output.  Install  bolts  and  lockwashers; 
tighten  securely. 

CAUTION:   Oil  hole  in  disconnect  housing  must  be  up 
when  installed. 

Install  low  gear  thrust  washer  on  rear  end  of  output 
shaft. 

Drive  rear  bearing  on  output  shaft. 

NOTE:   Bearing  must  be   tight   enough   against   thrust 

washer  so  that  washer  will  not  turn  on  shaft. 

Install  companion  flange  spacer. 

Press  oil  seal  in  rear  bearing  cap,  lip  of  seal  in.  Install 
new  "O"  ring  on  cap. 

Install  shims  on  bearing  cap;  install  bearing  cap  assem- 
bly on  transmission  housing.  (See  Fig.  92).  Oil  hole 
must  be  up.  Shims  may  be  added  or  omitted  to  obtain 
6  to  10  Ib.  in.  torque  on  cone  bearing. 


I 


FORWARD,  REVERSE  AND  LOW  CLUTCH  GROUP 


(Ports  Shown  Are  For  One  Clutch  Only) 


Item 

Part  No. 

Description                  No.  Req'd. 

A 

6955248 

Clutch  Pack  Assy. 

Items  1  thru  21)                    1 

1 

6900790 

Disc,  Inner   6 

2 

2039353 

Disc,  Outer                               5 

3 

2039341 

Bearing  

4 

2039317 

Ring,  Retaining 

5 

2039347 

Washer,  Return  Spring 

6 

2039349 

Spring,  Piston  Return  

7 

2039338 

Piston,  Clutch 

8 

2039339 

Ring,  Outer  Piston 

9 

2039332 

Ring,  Shaft  Piston 

10 

6900835 

Drum,  Gear  &  Shaft  Assy., 

Clutch                                   1 

Item 

Port  No. 

Description                   No.  Req' 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

6900793 
2039262 
2039354 
2039351 
2039350 
2039328 
2039348 
2039345 
2039341 
2039336 
2039262 

Bearing,  Clutch  Shaft  
Ring,  Retaining   
Ring,  Shaft  Piston  I 
Plate,  Disc  Bearing   
Ring,  Retaining 

I 

' 

Ring,  Retaining   
Hub,  Gear  &  Clutch 
Spacer,  Bearing    
Bearing                  .  . 

Bearing,  Clutch  Shaft  
Rina.  Retainina    

NOTE:  Use  caution  not  to  damage  bearing  cap  "O" 

ring- 
When  proper  preload,  is  obtained,  install  brake  backing 
plate,  ibrake  band  assembly,  and  'brake  drum  (Fig.  90). 
Install  range  selector  fork  in  shift  hub. 

Install  range  selector  rail  in  fork  and  secure  with  lock- 
screw  and  lockwire.  Install  detent  ball,  spring  and  plug 
in  detent  hole.  (See  Fig  92) . 

Install  input  shaft  gear  and  bearing  assembly  in  center 
bore  of  transmission  case  (Fig.  88). 

Install  clutch  D  in  .bottom  bore  of  case  (Fig.  88).  Pull 
clutch  D  out  of  case  about  %  inch  to  allow  clutch  C  to 
pass  clutch  D.  Tap  clutch  D  back  in  case  and  pull 
clutch  C  out  of  case  about  Va  inch  to  allow  clutch  D 
to  pass  clutch  C.  Tap  clutch  C  back  in  case  and  pull 
clutch  B  out  of  case  about  5/a  inch  to  allow  clutch  A. to 
pass  clutch  B.  Tap  clutch  B  back  in  case.  Tap  all  clutch 
shafts  until  they  bottom,  in  bore  of  case. 

Install  input  shaft  front  bearing  (Fig.  86). 
Install  new  case  housing  cover  gasket. 

Be  sure  oil  circuit  plate  is  in  place  and  tightened  se- 
curely (Fig.  85). 

Align  clutch  shaft  bearings  with  bearing  bores  in  case 
housing  cover;  tap  cover  on  case  housing  (Fig.  84). 

Install  bolts  and  lockwashers  and  tighten  evenly,  all  the 
way  around  cover. 


CAUTION:   Make    sure    input    shaft    bearing    is    not 
binding  in  cover. 


In  the  end  of  each  clutch  shaft  is  a  7/16-inch — 20 
threaded  hole.  By  using  a  7/16-inch  x  20  bolt  in  the 
threaded  hole  in  the  clutch  shaft,  pry  each  shaft  out 
enough  to  permit  assembly  of  the  bearing  locating  rings 
(five  in  all)  (Fig.  83).  Make  sure  rings  are  prop«rly 
seated.  Tap  each  shaft  until  bearing  ring  shoulders 
against  case  cover. 


NOTE:  Check  clutch  shaft  oil  sealing  rings.  Make 
sure  none  are  broken  or  damaged  and  all  are 
locked  properly. 


Install  new  gaskets  and  "O"  rings  on  clutch  distributor 
bearing  caps. 

Press  new  oil  seal  in  input  shaft  bearing  cap,  lip  of  oil 
seal  in.  Oil  seal  must  be  pressed  5/16  inch  from  front 
face  of  bearing  cap. 

Install  all  bearing  caps  with  bolt  and  lockwashers  and. 
tighten  securely  (Fig.  82). 

Install  "O"  rings,  flange  nut  washers,  and  flange  nuts; 
secure  with  cotter  pins. 

With  detent  balls,  springs,  and  pins  in  position,  install 
control  valve  assembly. 


TRANSMISSION  CONTROLS 


Item 

Port  No. 

Description                    No. 

Req'd. 

Item 

Part  No. 

Description                    No. 

Req'd. 

1 

2031504 

Bolt,  Mount  Plate  to 
Transmission 

3 

16 
16A 

2030803 
2031391 

Bolt    
Washer,  Lock 

2 
2 

1A 

2031392 

Washer,  Lock            

3 

17 

2051971 

Block 

1 

2 
2A 

2031460 
2031390 

Bolt,  Bellcrank  to  Pinlock 
Washer,  Lock             ..    . 

1 
1 

17A 
18 

2031700 
2062440 

Washer  (N.I.)      
Mount  Bar  Assy. 

2 
1 

3 

4 
5 

2056313 
2047781 
2058897 

Pin,  Bellcrank  to  Mount 
Bushing             
Bellcrank  Assy  

1 
2 
2 

18A 
18B 
18C 

2031523 
2032962 
2031393 

Bolt 
Washer,  Flat 
Washer,  Lock 

2 
2 
2 

6 

7 
8 

2031678 
2033517 
2059920 

Clevis      
Nut,  Jam     
Shift  Rod  Assy. 

2 
4 
1 

18D 
19 
20 

2031619 
2059919 
2012942 

Nut 
Rod,  Shift     
Pin,  Clevis 

2 
1 
2 

9 

2031373 

Nut             

2 

20A 

2031768 

Pin,  Cotter  

2 

9A 
10 

2031393 
2046332 

Washer,  Lock    
Joint,  Ball           

2 
2 

21 

2056256 

Mount  Plate,  Transmission 
Bellcrank   

1 

11 
11A 
12 
13 

14 

2030791 
2031391 
2031704 

2033542 

Bolt  
Washer,  Lock    
Clamp     
Lever  1-2  (N.S.S.) 
(Order  Item  15)    
Handle         

2 
2 
1 

1 
2 

22 
22A 
23 
24 
25 

2031662 
2031763 
2031676 
2033515 
2056311 

Pin,  Clevis 
Pin,  Cotter    
Clevis                     
Nut,  Jam     
Rod  Assy.,  Transmission  to 
Bellcrank 

4 
4 
2 
2 

2 

15 

2058893 

Lever  Assy.  (Incl.  Item  13) 

1 

( N.S.S. )     Not  Seviced  Separately 
(N.I.)     Not  Illustrated 
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12 


11 


TP1060 


HI-LO  TRANSMISSION  CONTROL 


n 

Part  No. 

Description                     No.  Req'd. 

2040892 

Lever,  Hi-Lo  Range 

2031693 

Sleeve     

203351  1 

Knob     

2030659 

Bushing     

2030882 

Bolt      

A 

2032964 

Washer,  Flat                               2 

B 

2031395 

Washer,  Lock       1 

C 

2031375 

Nut     1 

2061180 

Spacer                                          2 

2062319 

Link                                             2 

2012391 

Pin,  Clevis          2 

A 

2031764 

Pin,  Cotter                                  2 

Item 

Part  No. 

Description 

No.  Req'd. 

9 

10 
10A 
11 
12 

13 
14 
15 
ISA 
16 

2067850 

2031509 
2031392 
2033247 

Bellcrank  Assy.    (  Incl. 
Item  12)        

1 
2 
2 
1 

1 
1 

Bolt         

Washer,  Lock    
Fitting,  Grease    
Rod  Assy.  (N.S.S.) 
(Order  Item  9) 
Rod  Assy. 

2062317 
2033517 
2010556 
2031769 
2031678 

Nut,  Jam 

Pin,  Clevis    
Pin,  Cotter   

Clevis    

2 
2 
1 

S.S. )      Not  Serviced  Separately 


TRANSMISSION  MOUNTING 


Item       Part  No. 


Description 


No.  Req'd. 


1        Transmission  Assy.  (See 

Transmission  Section) 

2  2060026      Bracket  Assy 

3  2031577      Bolt,  Brocket  to 

Transmission    

3A     2031396      Washer,  Lock    

4  2031579      Bolt,  Bracket  to  Frame  . 

4A     2032965      Washer,  Flat   

4B      2067438      Nut  


1 
2 

8 
8 
4 
4 
4 
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MAIN  PIVOT  GROUP 


PIVOT  GROUP 


Item       Port1  No. 

Description 

No.  Req'd. 

A     (Reference) 

Pivot  Crossmember, 

Upper  Rear 

B      (Reference) 

Pivot  Crossmember, 

Upper  Front 

C     (Reference) 

Pivot  Crossmember, 

Lower  Rear 

D     (Reference) 

Pivot  Crossmember, 

Lower  Front 

1        2060383 

Bearing,  Thrust,  Inner 

Race 

2 

2        2067224 

Pin  Assy.,  Upper  Pivot 

(Incl.  1  of  Item  1) 

1 

3        2060119 

Sleeve,  Outer  Pivot 

Crossmember 

2 

4        2033250 

Fitting,  Grease 

2 

5        2060382 

Bearing,  Thrust,  Outer 

Race 

2 

6        2060341 

Plate,  Pin  Retainer 

2 

7        2060342 

Shim,  Bearing  Adjustment 

(.025)    _  

AR 

7A     2060343 

Shim,  Bearing  Adjustment 

(.005)     

AR 

8        2031560 

.Bolt,  Plate  to  Pin 

6 

8A     2031395 

Washer,  Lock 

6 

9        2060338 

Sleeve,  Inner  Pivot 

Crossmember 

(Incl.  1  of  Item  1) 

1 

10        2067225 

Pin  Assy.,  Lower  Pivot 

1 

AR     As  Required 
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MAIN   PIVOT 


The  machine  consists  of  two  frame  sections.  The  two 
sections  are  held  together  at  the  rear  of  the  front  sec- 
tion and  front  of  the  rear  section  by  two  pivot  pins.  The 
frame  sections  pivot  on  two  self-aligning  bearings.  Lu- 
brication is  provided  through  the  lube  fittings  on  the 
rear  tongue  of  front  section.  Refer  to  the  Lubrication 
Section  of  this  manual  (see  Index)  for  correct  lubricant. 
Two  steering  cylinders  turn  the  frame  sections.  (See 
Steering  System.) 

Before  attempting  to  remove  the  main  pivot  pins,  the 
machine  must  be  on  level  terrain  with  the  complete 
cutting  edge  of  the  bucket  flat  on  the  ground.  Be  sure 
engine  is  shut  off.  (See  Engine  Shut  Down  Procedure.) 


TOOLS  REQUIRED 

A  suitable  chain  fall  should  be  provided  to  lift  the  front 
section  while  it  is  being  removed.  A  ten-ton  chain  fall 
will  be  sufficient.  You  will  also  need  a  small  hydraulic 
jack.  During  disassembly,  the  rear  frame  section  must 
be  supported  and  kept  as  level  as  possible.  Steel  saw 
horses  or  sufficient  hard  wood  blocking  may  be  used. 
Horses  or  blocking,  which  ever  used,  should  be  wider 
than  the  rear  frame  section  to  keep  the  frame  section 
level. 


COMPONENT  DISASSEMBLY 

Block  both  rear  wheels  front  and  back  to  insure  ma- 
chine is  stationary.  Jack  up  front  of  rear  frame  section 
to  remove  weight  from  pivot  pins.  Due  to  the  extreme 
weight  of  the  vehicle,  support  the  frame  section  with 
sufficient  blocking.  Remove  jack  to  provide  adequate 
working  space  with  no  danger  of  frame  falling  or  shift- 
ing. 

Install  a  one  inch  pipe  nipple  in  the  drain  valve  located 
beneath  the  main  hydraulic  reservoir.  Connect  a  hose 
to  the  nipple  and  drain  the  hydraulic  reservoir  into  a 
suitable  container.  Discard  the  used  oil.  Refill  the  reser- 
vojr  with  clean  hydraulic  oil  when  the  work  is  finished 
on  the  pivot  group.  Refer  to  the  Lubrication  Section  of 
this  manual  for  capacity  and  type  of  oil  used. 

Remove  the  four  main  hydraulic  system  hoses  from  the 
junction  blocks  to  the  front  section.  Disconnect  and  re- 
move the  four  hoses  to  the  steering  cylinders.  Move 
hose  away  from  working  area. 


Disconnect  the  two  hoses  leading  from  demand  valv 
to  steer  valve  at  steer  valve.  Move  aside. 

CAUTION:  When  removing  all  hoses,  care  should  b 
used  not  to  spill  an  excessive  amount  o 
hydraulic  oil  in  the  working  area.  Oi 
spilled  on  the  machine  and  ground  wil 
cause  a  slippery  condition.  Wipe  excess  oi 
for  personal  safety. 

Disconnect  the  brake  line  hose  below  the  steering  gea 
assembly.  Move  hose  away. 

Support  the  front  frame  section  with  a  hoist.  Disconnec 
the  front  steering  cylinder  pivot  pins  as  directed  in  thi 
Steering  Hydraulic  Section.  It  is  not  necessary  to  com 
pletely  remove  the  steering  cylinder  to  work  on  th 
lower  pivot  group.  Compress  rods  of  steering  cylinder 
into  cylinder  tube.  This  will  give  more  working  area 

Disconnect  the  steering  linkage  bellcrank  from  thi 
drag  link  ball  stud  and  the  steering  rod  assembly.  Re 
move  them  from  the  machine  to  provide  additiona 
room  if  needed.  Remove  steering  bellcrank  from  cop  o 
main  pivot  group.  Refer  to  steering  gear  and  linkag< 
group  for  parts  identification.  (See  Index.) 

Disconnect  the  ball  slip  joint  from  the  transmissiot 
brake  flange  and  pillow  block  assembly.  Move  ball  sli| 
joint  to  a  suitable  location  for  storage. 


MAIN  PIVOT  DISASSEMBLY 

With  both  frame  sections  properly  supported,  follov 
the  instructions  below  to  remove  the  main  pivot  pin 
and  bearing  assemblies.  Refer  to  main  pivot  installatioi 
for  parts  identification. 

Remove  three  capscrews  (8),  lower  cap  (6)  and  shim 
(7)  from  bottom  of  upper  pivot.  Lay  aside. 

Remove  three  capscrews  and  lockwashers  (8)  from,  to] 
of  lower  pivot.  Lift  off  cap  (6)  and  shims  (7).  La; 
aside. 

With  a  suitable  tool,  press  lower  pivot  pin  out  from  to| 
to  down.  Press  upper  pin  up  and  out  from  underneatl 
upper  pivot  crossmember. 

With  both  upper  and  lower  pivot  pins  removed,  slid 
front  frame  section  from  rear  section. 


line  or  any  other  volatile  solvent  such  as 
naphtha,  benzene,  etc.  Less  flammable  fluid 
such  as  kerosene  or  mineral  spirits  should  be 
used.  Do  not  use  a  caustic  solution.  After  dry- 
ing thoroughly  with  clean  cloth,  lay  parts  on 
a  clean  surface  for  inspection. 

Clean  all  parts  in  solvent  before  inspecting. 

Inspect  the  mating  surfaces  of  inner  and  outer  race 
for  nicks,  burrs,  pitting  and  cracks.  Check  mating  sur- 
faces for  wear.  If  evidence  of  wear  is  present  on  either 
race,  replace  both  races  before  reassembly.  A  worn  race 
will  wear  a  new  race  quickly. 

Examine  the  inner  walls  of  both  upper  and  lower 
sleeves,  for  wear,  nicks,  pitting  and  cracks.  Replace 
sleeves  if  wear  renders  them  unfit  for  future  use. 

If  parts  are  questionable,  replace  them  at  this  time. 


RACE  REPLACEMENT 

Should  inspection  reveal  the  outer  race  defective,  the 
outer  race  will  have  to  be  driven  out  of  tongue  (B)  and 
(D).  Drive  the  upper  race  up  and  out.  Drive  the  lower 
race  down  and  out. 

Before  a  new  outer  race  can  be  installed,  it  should  be 
frozen  in  a  freezer  for  about  eight  hours.  It  is  possible 
to  freeze  the  outer  race  in  dry-ice  for  three  hours  if  a 
freezer  is  not  available. 

NOTE:   Freezing    the   race    before    installation    shrinks 
the  race,  thus  making  installation  easier. 

Drive  outer  race  into  tongue  of  front  section  as  shown 
in  pivot  installation  diagram.  With  race  correctly  seated 
in  tongue,  inspect  race  for  nicks  incurred  during  in- 
stallation. Hone  if  necessary. 

Sleeves  (3)  and  (9)  should  be  replaced  if  found  to  be 
damaged.  The  new  sleeves  are  pressed  into  sleeve  bore 
flush  at  both  top  and  bottom. 


REASSEMBLY  OF  FRAME  SECTIONS 

Lubricate  INNER  bearing  race  (1)  in  both  top  and  bottom 
of  the  front  frame  crossmember  (B)  and  (D)  with  a 
light  coat  of  multi-purpose  grease. 

Install  OUTER  bearing  race  (5)  over  pivot  pins  (2)  and 
(10)  with  small  diametrr'  of  bearing  race  facing  up. 

Lubricate  the  outside  of  race  with  a  light  coat  of  multi- 
purpose grease. 

Slowly  guide  tongue  (B)  and  (D)  of  front  frame  sec- 
tion between  crossmember  (AA)  and  (CC)  of  rear 
frame  section.  The  front  section  should  be  kept  as  level 
as  possible  while  mating  the  frame  sections.  Align  both 
top  and  bottom  pin  holes. 


will  not  DC  nusii  witn  oore  in  top  or  crossmemoer 

Install  upper  pin  (2)  with  inner  race  attached  into  top 
pivot  bore  with  flange  of  pin  facing  up.  Position  pin 
flange  between  cams.  It  will  be  necessary  to  tap  pin 
to  seat  it  properly.  Pin  will  not  be  flush  with  bottom  of 
pin  bore  when  correctly  seated.  Tighten  cam  lock  bolts 
securely. 

With  a  steel  scale,  measure  the  distance  between  top  of 
tongue  (B)  and  (D)  with  bottom  of  top  crossmember 
(AJLand  (C).  This  measurement  at  both  top  and  bottom 
should  be  identical.  Should  your  measurement  differ, 
lift  or  lower  front  section  accordingly  or  strike  top  of 
upper  pivot  pin  to  compensate  for  the  difference.  Cor- 
rect measurement  in  this  area  is  very  important. 

With  a  depth  micrometer,  measure  the  depth  of  lower 
pivot  pin  bore.  This  measurement  should  be  taken  in 
at  least  four  different  places  to  obtain  the  greatest 
measurement.  With  the  correct  depth  measurement  de- 
termined, deduct  .010  for  correct  pressure.  This  meas- 
urement is  the  correct  amount  of  shims  required  for 
installation. 

Align  holes  in  shims  (7)  and  insert  into  pivot  bore. 
Wipe  off  the  machine  surface  of  plate  (6)  and  install 
lockwashers  and  capscrews  (8)  into  plate.  Position 
plate  with  capscrews  over  pin  bore  passing  capscrews 
through  shims.  Screw  capscrews  into  pin,  finger  tight. 
Insert  the  edge  of  your  finger  just  between  tongue  (D) 
and  top  crossmember  (C).  Slowly  tighten  capscrews  and 
observe  the  pressure  of  crossmember  (C),  on  your  fin- 
gertip. When  you  feel  the  pressure  applied  to  your 
fingertip,  the  capscrews  are  secure. 

This  procedure  is  the  same  for  shimming  the  upper 
pivot  pin  with  the  exception  of  installing  shims  and  re- 
tainer plate.  With  the  correct  amount  of  shims  selected, 
place  them  on  retainer  plate  (6)  and  pass  the  capscrews 
and  lockwashers  htrough  plate.  Lift  plate  (6)  with  shims 
on  up  into  bottom  pin  bore.  Tighten  capscrews  fincrer- 
tight. 

Insert  the  tip  of  your  finger  between  tongue  of  front 
section  (B)  and  top  of  lower  crossmember  (A).  Slowly 
tighten  capscrews  (8)  until  pressure  is  felt.  When  pres- 
sure is  felt  on  tip  of  your  finger,  the  capscrews  are 


CHECKING  MOVEMENT 

Lift  front  frame  section  off  blocking.  Remove  blocking. 
Front  frame  section  should  now  swing  freely  with  little 
effort. 


REASSEMBLY  OF  COMPONENTS 

Reassemble  ball  slip  joint  between  transmission  parking 
brake  flange  and  rear  yoke  of  pillow  block.  Use  only 
special  heat  treated  capscrews  provided.  Torque  to  95 
Ibs.  ft.  torque. 

Connect  the  four  hoses  from  front  frame  section  to 
junction  blocks.  New  "O"  rings  should  be  used  to  insure 
proper  sealing.  It  may  be  necessary  to  twist  hoses  to 
insure  hoses  are  free  from  rubbing  together.  Refer  to 
the  main  hydraulic  illustration  (see  Index)  for  correct 
positions 

Extend  steering  cylinder  bodies  and  install  base  mount- 
ing pins  as  instructed  in  the  Steering  Hydraulic  Section 
of  this  manual.  Connect  hoses  to  steering  cylinder  ports. 
Refer  to  the  steering  hydraulic  system  illustration  (see 
Index)  for  correct  hose  position. 

Connect  the  two  hoses  from  demand  valve  to  steer  valve 
at  the  steer  valve.  Refer  to  steering  hydraulic  system 
illustration  for  correct  hose  location. 


Connect  the  brake  line  hose  to  junction  block  below  th 
steering  gear  assembly. 

NOTE:  Each  time  a  brake  hose  or  connection  is  re 
moved,  the  brake  system  must  be  bled  to  re 
lieve  the  air  taken  into  the  brake  line.  Se 
Brake  System.  (See  Index.) 

Install  steering  linkage  bellcrank  to  top  of  upper  pivo 
pin.  Connect  drag  link  ball  stud  and  nut  to  left  side  o 
bellcrank.  Connect  steering  rod  to  right  side  of  bell 
crank.  Be  sure  all  connections  are  free  in  movemen 
and  tight. 

Fill  main  hydraulic  reservoir  with  clean  hydraulic  oil 
See  Capacity  Section  (see  Index)  for  correct  amoun 

Remove  blocking  from  under  rear  frame  section  anc 
wheels. 

Lubricate  upper  and  lower  pivot  bearings  as  instructed 
in  the  Lubricating  Section  of  this  manual. 


FIL.I.UVV 

The  pillow  block  is  located  between  the  two  sections  of 
the  machine,  forward  of  the  main  lower  pivot.  Under 
normal  conditions,  very  little  service  is  required  except 
for  lubricating.  See  lubrication  chart  for  type  of  lubri- 
cant and  time  intervals. 

CAUTION:  Before  performing  work  between  the  front 
and  rear  sections  of  the  machine,  IN- 
STALL SAFETY  LINK  ON  BOTH 
SIDES  OF  MACHINE.  (See  Fig.  5.) 


REMOVING  PILLOW  BLOCK 
FROM  MACHINE 

Remove  capscrews  and  nuts  from  front  propeller  shaft 
and  ball  slip  joint.  Loosen  and  remove  pillow  block 
mounting  capscrews,  nuts  and  lockwashers  (H,  15,  16). 
Remove  pillow  block  assembly  from  machine  and  move 
it  to  a  suitable  location  for  disassembly. 


PILLOW  BLOCK  OVERHAUL 

Do  not  disassemble  the  pillow  block  further  than  nec- 
essary to  correct  a  malfunction.  During  disassembly 
special  attention  should  be  given  to  identification  of 
parts  for  proper  reassembly. 

Cleanliness  is  of  the  utmost  importance.  Place  all  dis- 
assembled parts  on  a  clean,  lint-free  surface. 

PILLOW  BLOCK  DISASSEMBLY 

Refer  to  pillow  block  illustration  for  identification  of 
parts. 

Clamp  pillow  block  assembly  in  a  machinist's  vise.  Re- 
move cotter  pin  (12)  and  nut  (10)  from  both  ends  of 
shaft  (11).  Using  a  puller,  pull  companion  flange  yoke 
(9)  from  both  ends  of  shaft  (11).  Loosen  and  remove 
capscrews  (7)  and  lockwashers  from  cover  plate  (8). 
Lift  off  cover  plate  (8)  and  shims  (6). 


PILLOW  BLOCK  ASSEMBLY 
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PILLOW  BLOCK  ASSEMBLY 


Item       Part  No. 


Description 


No.  Req'd. 


2059464      Pillow  Block  Assy. 

(Incl.  Items  1  thru  16)  1 

2006216      Seal     2 

2059385      Cup,  Bearing   2 


3  2059384      Cone,  Bearing 

4  2062146      Fitting,  Relief      

4A     2062147      Fitting,  Grease  (N.I. 

2059380   Spacer  

Shim  


2059471 

2059472  Shim 

2059473  Shim 
2031480  Bolt 


AR    As  Required 
(N.I.)     Not  Illustrated 


2 
1 
1 
1 

AR 
AR 
AR 
6 


Item       Part  No. 


Description 


No.  Req' 


7A  2031391  Washer,  Lock    6 

8  2059377  Plate,  Cover    1 

9  2059383  Yoke  2 

10  2006208  Nut  2 

11  2058126  Shaft,  Drive    1 

12  2006212  Key,  Cotter     2 

13  2059424  Support  Assy 1 

14  2041073  Nut  4 

15  2031395  Washer,  Lock    4 

16  2031562  Bolt,  Pillow  Block  to  Frame  4 


Lift  out  shaft  assembly  (11)  with  bearing  cones  (3) 
assembled.  Remove  top  cup  (2)  from  top  bearing  cone 
(3).  Using  a  puller,  pull  bearing  cones  (3)  from  shaft 
(11).  Remove  bottom  cup  (2)  from  bore  of  housing 
(13). 

Turn  cover  plate  (8)  face  down  and  drive  out  seal  (1) 
from  cover  plate.  Be  careful.  Do  not  damage  the 
inner  wall  of  the  cover  plate.  Remove  bottom  seal  (1) 
from  housing  (13)  in  same  manner. 

PILLOW  BLOCK  INSPECTION 

Refer  to  pillow  block  illustration  for  identification  of 
parts. 

Wash  all  parts  in  clean  mineral  oil  solvent.  Dry  parts 
thoroughly  and  lay  them  on  a  clean  surface.  Never  spin 
dry  bearings  using  compressed  air. 

Lubricate  the  roller  bearings  with  light  oil  and  check 
them  for  freeness  of  rollers,  pits,  broken  rollers  or  ex- 
cessive wear.  Check  the  cups  for  wear  or  pits.  Replace 
both  parts  if  either  is  damaged. 

Inspect  shaft  for  wear,  nicks,  scoring  and  roughness. 
Replace  if  necessary. 

Inspect  housing  bore  for  scoring  and  roughness.  Re- 
move any  roughness  from  the  machined  surface.  Replace 
housing  if  roughness  cannot  be  corrected. 

Lubricate  all  parts  with  a  light  film  of  oil  prior  to  re- 
assembly. 


REASSEMBLY  OF  PILLOW  BLOCK 

Press  bearing  cone  (3)  on  one  end  of  shaft  (11)  until 
bearing  cone  bottom  is  located  just  below  the  splines 
of  the  shaft.  Slip  special  spacer  over  end  of  shaft  (11) 
and  install  nut  (10)  on  threads  of  shaft.  Draw  nut 
down  on  spacer  hand  tight. 

Turn  shaft  (11)  over  and  slip  spacer  (5)  onto  shaft 
(11)  until  it  bottoms  against  bearing  cone  (3).  Press 
bearing  cone  (3)  on  shaft  until  it  bottoms  against 
spacer  (5).  Slip  special  spacer  over  shaft  and  install  nut 
(10)  hand  tight  on  shaft  (11). 

NOTE:  Special  spacers  may  be  made  from  tubular 
stock  machined  to  proper  dimensions  shown 

in  Fig.  28.  This  is  not  necessary  if  bearing 
cones  (3)  and  spacer  (5)  are  centered  on  shaft 

(11)   equal  distances  from  shaft  ends. 


Fig.  28.     Special  Spacers 


INSTALLATION  OF  OIL  SEAL 

Oil  seals  should  be  first  soaked  in  light  oil  for  a  perioc 
of  at  least  four  hours  prior  to  installation. 

Press  oil  seals  (1)  in  cover  plate  (8)  and  pillow  blocl 
housing  (13).  Install  seals  with  the  side  marked  "out 
side"  outside.  Incorrect  seal  installation  will  react  as  il 
old  seal  has  been  reinstalled. 

To  facilitate  reassembly  of  pillow  block  housing  anc 
shaft  assembly,  clamp  the  pillow  block  housing  in  ; 
machinist's  vise,  being  certain  housing  is  held  securely 

Position  housing  so  that  the  tapped  holes  are  facing  up 
Press  cup  (2)  into  housing  bore  with  taper  up.  Lubricat* 
bearing  cones  with  light  oil  before  reassembly.  Pas: 
shaft  assembly  (11)  with  bearing  cones  (3)  installec 
through  bore  of  pillow  block,  bottoming  on  cup  (2) 

Press  outer  cup  (2)  over  shaft  (11)  into  housing  bore 
Rotate  shaft  assembly  (11)  in  housing  checking  foi 
free  rotation  and  presence  of  binding. 

Install  one  each  of  shims  (6)  .004,  .006  and  .015  ovei 
shaft  (11). 

Place  cover  plate  (8)  with  seal  (1)  installed  over  enc 
of  shaft  (11).  Properly  align  bolt  holes  in  cover  plate 
with  holes  in  housing.  Do  not  disturb  position  of  shim: 
as  shims  pass  into  cover  plate. 

Install  two  capscrews  (7)  and  lockwashers  in  holes  180 
apart.  Tighten  cap  screws  to  18  Ibs.  ft.  torque. 

With  a  plastic  hammer,  strike  shaft  assembly  from  botl 
top  and  bottom  to  insure  bearings  have  seated  them 
selves  correctly. 


To  check  preload  on  pillow  block  bearings,  wrap  a 
piece  of  string  securely  around  shaft  (II)  several  times. 
Attach  a  pound  scale  to  other  end  of  string  and  pull 
off  in  a  straight  line.  The  rotating  torque  (not  starting 
torque)  must  be  0  pounds. 

Add  additional  shims  under  coverplatc  to  increase 
bearing  preload  and  remove  shims  to  decrease  preload. 
Obtaining  correct  preload  on  pillow  block  bearings  will 
increase  pillow  block  life. 

Install  remaining  capscrews  and  lockwashers  in  cover- 
plate  and  torque  to  18  ibs.  ft.  torque. 

Remove  nut  (10)  and  special  spacer  from  shaft  (11). 
Lubricate  seal  journal  of  companion  flange  yoke  (9) 
with  a  light  coat  of  grease. 

Press  companion  yoke  (9)  on  end  of  shaft  (11).  It 
may  be  necessary  to  tap  yoke  with  a  plastic  hammer  to 
insure  proper  seating  of  the  yoke  in  the  seal. 

Install  nut  (10)  on  end  of  shaft.  Tighten  securely.  In- 
sert cotter  pin  (12)  in  hole  in  shaft.  Bend  end  of  cotter 
back  over  center  of  pillow  block  shaft. 


Remove  pillow  block  from  vise  and  rotate  it  180"  and 
reposition  in  vise.  Install  companion  flange  yoke  (9), 
nut  (10)  and  cotter  pin  (12)  in  the  same  manner  as  the 
other  end. 

Rotate  shaft  in  pillow  block  several  times  to  insure  there 
is  no  presence  of  binding.  The  shaft  will  now  turn 
harder  than  before  the  yokes  were  installed.  This  is 
caused  by  the  pressure  of  the  seals  against  the  seal 
journal  of  the  flange  yoke. 

Remove  pillow  block  from  vise.  Install  special  lube 
fitting  in  pillow  block  housing.  Using  a  hand  grease  gun, 
lubricate  pillow  block  until  grease  appears  in  fair  quan- 
tity from  top  of  lube  fitting.  Install  special  breatiher. 

CAUTION:   Do  not  over-lubricate. 

Install  pillow  block  assembly  in  machine.  Tighten 
mounting  bolts  securely. 

Assemble  front  and  rear  propeller  shafts  to  pillow  block 
using  only  special  heat  treated  capscrews  provided. 

Tighten  capscrews  to  95  Ib.  ft.  torque,  dry  thread. 


BALL  SLIP  JOINT  OVERHAUL 


REMOVING  BALL  SLIP  JOINT 
FROM  MACHINE 

Refer  to  the  ball  slip  joint  illustration  for  identification 
of  parts. 

CAUTION:  Before  attempting  to  remove  the  ball  slip 
joint  from  the  machine,  install  the  safety 
links  between  the  frame  sections  of  the 
machine.  (See  Fig.  5.) 

Disconnect  the  mounting  bolts,  nuts  and  lockwashers 
from  the  transmission  brake  drum  and  the  pillow  block 


assembly.      Be  careful.      Do  not  let  the  slip  joi 
causing  unnecessary  damage. 

Move  the  slip  joint  to  a  suitable  location  for  d 
bly. 

BALL  SLIP  JOINT  DISASSEMBLY 

Loosen  and   remove   the  capscrews    ( 1 ) ,   nuts 
lockwashers  securing  the  spider  and  bearings   ( 
both  ends  of  the  slip  joint.  Remove  spider  and 
assemblies  from  both  ends.  Lay  aside. 


BALL  SLIP  ASSEMBLY 
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BALL  SLIP  ASSEMBLY 

(From  Transmission  to  Pillow  Block) 


Item 

Part  No. 

Description 

No.  Req'd. 

A 

2067708 

Shafr  Assy.,   Prop    (Incl. 

Items  1  thru  6) 

1 

1 

2034372 

Capscrew 

8 

1A 

2031393 

Washer,  Lock  (N.I.) 

4 

2 

6952006 

Yoke  &  Shaft  Assy. 

1 

3 

6951148 

Cross  &  Bearing  Assy. 

2 

3A 

2034365 

Shield,  Dust  (N.I.) 

8 

4 

Plug 

2 

5 

2034372 

Capscrew 

8 

6 

2033517 

Nut,  Jam 

12 

Not  Illustrated 


PROPELLER  SHAFT  ASSEMBLIES 


FROM  ENGINE  TO  TRANSMISSION 
Item        Part  No.  Description  No.  Req'd. 

~~A 2067742       Shaft  Assy.,   Propeller 
(5CL)     (Consists   of 

Items  1  thru  10)  1 

1  6950018       Yoke  Assy.,  Slip  1 

2  6950021       Washer,  Felt  1 

3  6950020       Retainer,  Felt  1 

4  6951317       Tube  Assy.  1 

5  2050894       Fitting,  Grease  2 

6  6950019      Washer,  Retainer  2 

7  2033515      Nut  16 

8  6951973       Spider  &  Bearing  Assy.  2 

9  2034888      Capscrew  16 
10        2034880      Plug,  Pipe  (N.I.)  1 


FROM  PILLOW  BLOCK  TO  FRONT  AXLE 
Item        Part  No.  Description  No.  Req'd. 

~A 2067744       Shaft  Assy.,   Propeller 
(7CL)     (Consists  of 

Items  1  thru  11)  1 

1  6951979      Yoke  Assy.,  Slip  1 

2  6951982      Washer,  Felt  1 

3  6952005      Cap,  Dust  1 

4  6951978      Tube  Assy '  1 

5  2050894      Fitting,  Grease  2 

6  6951891       Washer      2 

7  2033517      Nut  16 

8  6951980      Spider  &  Bearing  Assy.  2 

9  2034372      Capscrew  16 

10  2041506       Felt,  Retainer   (N.I.)  1 

11  2034880      Plug,  Pipe  (N.I.)  1 

(N.I.)     Not  Illustrated 


FROM  TRANSMISSION  TO  REAR  AXLE 
Item       Part  No.  Description  No 


2067743 


1 

6951975 

2 

2034879 

3 

2034882 

4 

6951974 

5 

2030224 

6 

2034877 

7 

2033515 

8 

6951976 

8A 

6951977 

9 

2034888 

10 

2034878 

Shaft  Assy.,  Propeller 
(6CL)  (Consists  of 
Items  1  thru  10) 

Yoke  Assy.,  Slip 

Washer,  Felt 

Cap,  Dust 

Tube  Assy. 

Fitting,  Grease 

Washer,  Felt  Retainer 

Nut  

Spider  &  Bearing  Assy. 
(Incl.  Item  3  &  8A) 

Washer,  Retainer  &  Seal 

Capscrew 

Felt,  Retainer   (N.I.) 


tions,  we  do  not  recommend  gasoline  or  any 
other  volatile  solvent  such  as  naphtha,*  ben- 
zene, etc.  Less  flammable  fluids  such  as  kero- 
sene or  mineral  spirits  should  be  used.  Do  not 
use  a  caustic  solution.  After  drying  thoroughly 
with  a  clean  cloth,  lay  parts  on  clean,  lint-free 
surface  for  inspection. 

n  all  parts  in  solvent  before  inspecting. 

:k  each  disassembled  part  for  wear,  cracks  or  pitting 
would  render  them  unfit  for  future  use. 


BALL  SLIP  REASSEMBLY 

Install  spider  and  bearings  and  tighten  mounting  to  93 
Ibs.  ft.  torque  dry  thread. 

Lubricate  ball  slip  joint  as  directed  in  the  Lubrication 
Section  of  this  manual. 

CAUTION:  Do  not  over-lubricate.  Over-lubricating 
will  cause  an  out  of  balance  condition 
thus  causing  unnecessary  wear. 

Assemble  ball  slip  assembly  to  machine  using  only 
special  heat-treated  capscrew.  Tighten  to  95  Ibs.  ft. 
torque  dry  thread. 


The  brakes  on  this  machine  are  actuated  by  an  air-over- 
hydraulic  system.  The  brake  system  components  consist 
of  a  compressor,  a  two  section  air  reservoir,  a  pressure 
gauge,  selector  valve,  foot  pedal  controlled  dual  brake 
valve,  two  power  cluster  assemblies,  four  wheel  brake 
hydraulic  cylinders,  governor,  and  a  safety  valve.  Con- 
necting lines,  hoses,  and  fittings  complete  the  system. 
Regular  inspections  of  brake  system  parts  will  increase 
assurance  that  this  system  will  remain  in  top  operating 
condition. 

The  distance  the  brake  pedal  is  depressed  determines 
the  amount  of  air  pressure  delivered  to  the  brake  power 
cluster  which,  in  turn,  determines  the  braking  force.  The 
best  stop  is  obtained  when  the  brake  pedal  is  depressed 
firmly  to  furnish  the  maximum  amount  of  brake  force 
the  machine  speed  and  load  will  permit,  then  gradually 
released  as  speed  decreases.  As  the  stop  is  completed, 
there  should  be  only  enough  air  pressure  in  the  powir 
cluster  to  hold  the  machine  stationary.  Applying  the 
brakes  lightly  at  first,  then  harder  as  speed  decreases, 
results  in  a  rough  stop.  Never  waste  air  by  pumping  the 
brakes.  Frequent  and  repeated  light  applications  may 
exhaust  air  from  reservoirs  faster  than  it  may  be  re- 
placed by  the  compressor.  Depress  the  brake  pedal  fully 
only  in  cases  of  emergency.  Always  keep  in  mind  that 
the  most  effective  braking  is  done  just  before  the  tires 
slide,  regardless  of  the  surface  or  condition  of  the 
working  area. 

THERE  MUST  BE  AT  LEAST  60  POUNDS  OF  AIR 
PRESSURE  IN  THE  BRAKE  SYSTEM  BEFORE 
THE  MACHINE  IS  MOVED. 

Periodically  observe  the  instrument  panel  brake  air 
gauge  (Fig.  3)  while  operating.  If  the  air  pressure 
drops  to  a  low  point  (below  60  pounds),  stop  the  ma- 
chine and  correct  the  trouble1. 

DO  NOT  USE  THE  SERVICE  BRAKE  SYSTEM 
TO  HOLD  THE  MACHINE  WHEN  PARKED. 
EITHER  BLOCK  THE  WHEELS  OR  APPLY  THE 
PARKING  BRAKE  AND  LOWER  THE  FORK. 

TESTING  BRAKE  SYSTEM  FOR 
SERVICEABILITY 

Drain  reservoir.  Charge  air  brake  system.  Open  both 
drain  valves  on  the  dual  section  air  reservoir.  Close 
drain  valves  after  system  has  been  completely  drained 
of  all  air  and  condensation.  Refer  to  Fig.  102. 


1.     Drain 
Fig.  102.     Air  Reservoir  —  Showing  Drain  Valves 


Governor  setting  test.  Run  engine.  Governor  should  cu 
out,  stopping  further  compression  at  90  to  120  pound 
dash  gauge  pressure.  Reduce  air  pressure  by  series  o 
brake  applications.  Governor  should  cut  in  resumin 
compression  at  75  to  PO  pounds. 


Leakage  tests.  Run  engine  until  governor  cuts  out.  Sto 
engine.  With  brakes  released,  dash  gauge  pressure  dro 
should  not  exceed  2  pounds  per  minute.  With  brake 
fully  applied,  pressure  drop  should  not  exceed  3  pound 
per  minute.  Check  all  system  components  if  leakage  i: 
either  test  is  excessive.  See  Trouble  Shooting  table. 


Operating  tests.  Connect  accurate  test  gauge  in  brak 
valve  delivery  line.  Fully  charge  brake  system.  Deprei 
pedal  fully.  Test  gauge  pressure  should  approximatel 
equal  dash  gauge  pressur-. 


Pressure  build-up  test.  Run  engine  at  fast  idle;  time 
required  to  raise  air  pressure  from  90  to  120  pounds 
should  not  exceed  1  minute. 

Check  power  cluster  stroke  indicator  travel.  Adjust  if 
stroke  is  excessive.  (See  Power  Clusters.) 


Check  for  quick  application  and  release  of  all  brake 
With  air  reservoirs  fully  charged  and  in  normal  opera 
ing  condition,  operate  machine  and  check  for  bral 
effectiveness  at  various  speeds.  Sluggish,  spongy  bra! 
ing  may  be  due  to  air  in  the  hydraulic  brake  system, 
necessary,  bleed  the  brake  hydraulic  system. 


TROUBLE 


PROBABLE  CAUSE 


Insufficient  brakes 


Brakes  need  adjustment  or  relining. 

Air  in  .brake  hydraulic  system. 

Low  air  pressure  in  brake  system  (below  80  pounds) . 

Brake  valve  delivery  pressure  below  normal. 

Brake  fluid  supply  low  in  power  clusters. 


Brakes  apply  too  slowly 


Brakes  need  adjustment. 

Low  air  pressure  in  brake  system  (below  80  pounds) . 

Brake  valve  delivery  pressure  below  normal. 

Air  in  brake  hydraulic  system. 

Excessive  leakage  with  brakes  applied. 

Restricted  hydraulic  tubing  or  hose  line. 

Restricted  air  tubing  or  hose  line. 

Brake  fluid  supply  low  in  power  clusters. 


Bi  ,.kes  release  too  slowly 


Brakes  need  adjustment. 

Brake  valve  not  returning  to  fully  released  position. 

Restricted  tubing  or  hose  line. 

Blocked  by-pass  port  in  power  cluster. 

Exhaust  port  of  brake  valve  restricted  or  plugged. 

Brake  shoe  return  spring  broken. 


Neither  front  or  rear 
brakes  ripply 


No  air  pressure  in  brake  system. 
Restricted  or  broke.n  air  tubing  or  hose  line. 
Defective  brake  valve. 


Front  wheel 'brakes  (only) 
do  not  apply 


Front  wheel  power  cluster  has  low  brake  fluid  supply  or  is 
defective. 

Restricted  hydraulic  lines  in  front  wheel  system. 


Rear  wheel  brakes  (only) 
do  not  apply 


Rear  wheel  power  cluster  has  low  brake  fluid  supply  or  is 
defective. 

Restricted  hydraulic  lines  in  rear  wheel  system. 


Brakes  do  not  release 


Brake  linkage  binding. 

Brake  valve  not  in  fully  released  position. 

Defective  brake  valve. 

Restriction  in  tubing  or  hose  line. 

Defective  power  cluster. 


Brakes  grab 


Grease  on  lining;  reline  brakes. 
Brake  drum  out  of  round. 
Defective  brake  valve. 
Brake  linkage  binding. 
Defective  power  cluster. 
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TROUBLE 

PROBABLE  CAUSE 

Uneven  brakes 

Brakes  need  adjustment,  lubricating  or  relining. 
Grease  on  lining;  reline  brakes. 
Brake  sihoe  release  spring  broken. 
Brake  drum  out  of  round. 
Brake  power  cluster  leaking. 

Air  pressure  will  not  rise 
to  normal 

Defective  dash  gauge. 
Excessive  leakage. 
Governor  out  of  adjustment. 
No  clearance  at  compressor  unloading  valves. 
Defective  compressor. 

Air  pressure  rises  to 
normal  too  slowly 

Excessive  leakage. 
No  clearance  at  compressor  unloading  valves. 
Engine  speed  too  slow. 
Compressor  discharge  valves  leaking. 
Worn  compressor. 
Excessive  carbon  in  compressor  cylinder  head  or  discharge  line. 

Air  pressure  rises  above 
normal 

Defective  dash  gauge. 
Governor  defective  or  out  of  adjustment. 

Restriction  in  line  between  governor  and  compressor  untoader 
valves. 

Too  much  clearance  at  compressor  unloader  valves. 
Compressor  unloading  valves  stuck  closed. 

Air  pressure  drops  quickly 
with  engine  stopped  and 
'brakes  released 

Leaking  brake  valve. 
Leaking  tubing  or  hose  line. 
Compressor  discharge  valve  leaking. 
Governor  leaking. 

Air  pressure  drops  quickly 
with  engine  stopped  and 
'brakes  fully  applied 

Leaking  brake  power  cluster. 
Leaking  brake  valve. 
Leaking  tubing  or  hose  line. 

Compressor  knocks 

Worn  or  burnt  out  bearings. 
Excessive  carbon  deposits  in  compressor  head. 

Safety  valve  "blows  off" 

Safety  valve  out  of  adjustment. 
Air  pressure  in  system  above  150  psi. 

Excessive  oil  or  water  in 
the  brake  system 

Reservoirs  not  being  drained  often  enough. 
Compressor  passing  excessive  oil. 

Hydraulic  system  cannot 
be  bled  properly 

Faulty  residual  pressure  dheck  valve  in  'hydraulic  cylinder  of 
power  cluster. 

C*>  €*J  C*»  C*J 


Item 

Port  No. 

Description 

No.  Req'd. 

1 

2039544 

Hose     

1 

2 

2032313 

Tee    

1 

3 

2046556 

Hose     

1 

4 

2032011 

Elbow,  90°    

2 

5 

2031988 

Connector,  Straight    

2 

6 

2Q3i294 

Elbow    

2 

7 

2053266 

Bushing,  Reducer    

2 

8 

2054598 

Valve,  Check   

2 

9 

2059175 

Reservoir,  Air     

1 

9A 

2031477 

Bolt,  Reservoir  to  Bracket 

(N.I.)     

1 

9B 

2031391 

Washer,  Lock  (N.I.)    

4 

9C 

2032960 

Washer,  Flat  (N.I.) 

4 

9D 

2031617 

Nut  (N.I.)     

4 

10 

2033499 

Nipple     

1 

11 

2034221 

Valve,  Blow  Off   

1 

12 

2032311 

Tee      

1 

13 

2033384 

Plug,  Pipe    

2 

14 

2033448 

Nipple,  Pipe   

1 

15 

2061742 

Cock,  Drain    

2 

16 

2061748 

Hose   

2 

17 

2032766 

Block,  Junction    

1 

17A 

2031473 

Bolt,  Block  to  Frame 

(N.I.)     

1 

17B 

2031391 

Washer,  Lock  (N.I.)    

1 

17C 

2032960 

Washer,  Flat  (N.I.) 

1 

18 

2032010 

Elbow,  90°    

2 

19 

2067740 

Line  Assy.,  Brake    

1 

20 

2031999 

Elbow,  45°    

2 

21 

Cluster  Power 

4m   \ 

(See'  Sep.  Illus.) 

21A 

2031475 

Bolt,  Cluster  to  Front 

Shroud  (N.I.)     

8 

21B 

2031391 

Washer,  Lock  (N.I.) 

8 

21C 

2031617 

Nut  (N.I.)     

8 

21D 

2034328 

Plug,  Power  Cluster 

2 

21  E 

2033395 

Gasket    

2 

22 

2032294 

Elbow,  90°    

2 

23 

2034677 

Hose   

2 

24 

Valve  Assy.,  Foot  (See 

Sep.  Illus.) 

24A 

2031453 

Bolt,  Valve  to  Floorplate 

(N.I.)     

3 

24B 

2031390 

Washer,  Lock  (N.I.)    

3 

24C 

2031616 

Nut  (N.I.)     

3 

25 

2053263 

.  Bushing,  Reducer 

1 

26 

2032293 

Elbow,  90°     

1 

27 

2033385 

Plug,  Pipe 

2 

28 

2034330 

Fitting,  Adapter    

2 

28A 

2033395 

Gasket     

2 

29 

2067741 

Line  Assy.,  Brake    

1 

30 

2034408 

Hose   

1 

Item       Part  No. 


Description 


No.  Req'd. 


32 

2032310 

Gauge,  Air  Pressure  (See 
Instument  Panel) 

Tee   

33 

2033383 

Plug,  Pipe 

34 

2032007 

Elbow,  90° 

35 

2032748 

Line  Assy.,  Brake,  L.H. 
Front  Axle    

36 

2032766 

Tee                        

36A 
36B 
37 
38 

2031517 
2031393 
2032747 
2059696 

Bolt,  Tee  to  Axle  (N.I.)  . 
Washer,  Lock  (N.I.)    
Line  Assy.,  Brake  R.H.  .... 
Line  Assy.,  Brake  Tee  to 
Front  Axle 

39 
39A 
39B 
39C 

2032764 
2031479 
2031391 
2031617 

Tee   
Bolt,  Tee  to  Frame  (N.I.) 
Washer,  Lock  (N.I.)     
Nut  (N.I.) 

40 
41 
42 

2043616 
2032768 
2033519 

Plug,  Tube      
Hose      
Nut,  Jam 

42A 

2033598 

Washer,  Lock     

43 
44 
45 

2031985 
2053262 
2043616 

Connector,  Straight    
Bushing,  Reducer    

Plug      

46 

2059743 

Hose                                            . 

47 
48 
48A 
49 
50 
51 

2059687 
2033519 
2033598 
2032768 
2059692 
2040438 

Line  Assy.,  Brake    
Nut,  Jam    
Washer,  Lock     
Hose     
Line  Assy.,  Brake     
Bar,  Mount 

52 
52A 
52B 

2032764 
2031479 
2031391 

Tee   
Bolt,  Tee  to  Axle     
Washer,  Lock     

52C 

2031617 

Nut 

53 

2059690 

Line  Assy.,  Brake    

54 

2033394 

Bolt,  Fitting           .                     <• 

\ 

55 

2033395 

Gasket     .  ...                              - 

\ 

56 
57 

2033379 
2012046 

Fitting,  Brake,  90°  ^ 

Gasket    * 

\ 
\ 

58 

2036513 

Nipple    1 

CO 

60 

2032313 

with  Engine) 
Tee,  Pipe                                   1 

61 

2033041 

Bushing,  Reducer    1 

62 

2033858 

Elbow,  90°     i 

> 

63 

203561  1 

Hose          '. 

1 

64 

2033022 

Connector,  Straight    ....         - 

1 

65 

2046601 

Governor    

\ 

65A 

65B 
65C 

2031463 

2031390 
2031616 

Bolt,  Governor  to  Mount 
Plate  (N.I.)     
Washer,  Lock  (N.I.)    
Nut  (N.I.)     

I 
I 
I 

(N.I.)     Not  Illustrated 


1      2  3 


TP903 


PARKING  BRAKE  AND  LINKAGE 


Item 

Part  No. 

Description                  No. 

Req'd. 

1 

2031461 

Bolt,    Lever  to  Hydraulic 
Tank 

? 

1A 

2031390 

Washer,  Lock 

? 

IB 

2031616 

Nut 

? 

2 

2032959 

Washer,  Flat  (Rear)  

7 

3 

2036978 

Spacer        

1 

4 

2040030 

Spacer           .  ...       

? 

5 
6 

2062088 
20335.17 

Rod,  Threaded,  Lever  to 
Parking  Brake  
Nut,  Jam 

1 
7 

7 

2031678 

Clevis 

? 

8 

2010556 

Pin,  Clevis 

7 

8A 

2031768 

Pin,  Cotter 

? 

9 

Lever,  Parking  Brake  (See 
Sen.  Illus.) 

1 

I 


15    14 


TP776 


PARKING  BRAKE  LEVER  ASSEMBLY 


I 


Item 

Part  No. 

Description                   No. 

Req'd. 

A 

1 
1A 
IB 
1C 

ID 
2 
3 
4 
4A 
5 

6 
7 
8 
9 
10 
11 
12 

(N.I.) 

2038093 

6950676 
6950674 
6950675 
6950681 

6951378 
6750336 
6950723 
6951983 
6950700 

Lever  Assy.,  Parking  Brake 
(Incl.  Items  1  thru  33)  .. 
Knob,  Adjusting 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

2 
1 
2 
2 
1 

Ball  (N.I.)    

Spring  (N.I.) 

Base,  Adjusting  Knob 

(N.I.)    

Washer,  Spring  (N.I.)  
"0"  Ring          

Body  Assy.,  Lever 

Pin 

Washer,  Spring  (N.I.) 
Washer,  Spring  (Not 
Applicable)    

Spacer    
Spacer    
Bracket  Assy.,  Pivot 
Rivet         

6950727 
6950688 
6950728 
6950731 
6950725 

Pin         ...    . 

Link  (Not  Applicable) 
Nut  (Not  Applicable) 
rated 

Not  Illusti 

Item        Part  No. 


Description 


No.  Req'd 


13 
14 

6950725 
6950726 

Pin     
Pin     

1 
1 

IC 

16 
17 
18 

6950680 
6950683 

Applicable) 
Bushing,  Bellcrank   
Spacer  (Not  Applicable) 
Bellcrank    

1 
2 

19 
20 
21 
21A 
22 
23 
24 
25 
26 
27 

78 

6950735 
6950729 
6950730 
6950686 
6950733 
6950678 
6950724 
2036815 
6950686 

Spacer  (Not  Applicable) 
Spacer    
Bracket,  Mounting  (L.H.) 
Bracket,  Mounting  (R.H.) 
Ring,  Retaining     
Link    
Tube  Assy.,  Adjusting   
Screw,  Adjusting   
Washer     
Ring,  Retainer 

2 
1 
1 
1 
1 
1 
1 
1 
1 

29 
30 
31 

6951359 
6950734 
6950732 

Washer,  Spring 
Spacer  (N.I.)        
Spacer  (N.I.)         

1 
1 
1 

PARKING  BRAKE  ASSEMBLY 


n       Port  No. 

Description                   No. 

Req'd. 

2039397 

Brake  Assy.,  Parking  (  Incl. 
Items  1  thru  12)   . 

1 

6950114 

Lining  Kit,  Service    (Incl. 
Items  6  &  7)  

1 

6950116 

6950112 
6950113 
2040424 
2040423 

Pawl  Kit,  Service  (Incl. 
Items  9  thru  12)    
Plate  Assy.,  Backing  
Lever,  Brake  Actuating  .... 
Spring,  Brake  Release  
Shoe  &  Lining  Assy.,  Brake 
(Incl.  Items  5  thru  7) 

1 

1 
2 

2 

TP7B1 


Item 

Part  No. 

Description 

No.  Req'd. 

5 
6 
7 

6950115 

Shoe,  Brake  (N.S.S,) 
(Order  Item  4) 
Lining,  Brake  (N.S.S.) 
(Order  Item  B) 

Rivet     

2 

2 
20 

8 
8A 

2031536 
2031394 

Bolt,  Backing  Plate 
Washer,  Lock    .... 

4 
4 

9 
10 
11 

————— 

Roller  (N.S.S.)  (N.I.) 
Pawl  (N.S.S.)  (N.I.) 

Rnlt  1  KJ  C  ?  )    (  kl  1   \ 

2 
2 

12 

_ 

DOIT   llX.J.O.  J    (N.I.)     .     .. 

Nut,  Lock  (N.S.S.)  (N.I.) 

2 

S.S.)     Not  Serviced  Separately 
I.)     Not  illustrated 


COMPRESSOR 

The  air  compressor  is  an  integral  part  of  the 

engine.    Refer  toEftgine  Operation  and  Maint- 

02ttC&    for  trouble  shooting  and  maintenance  informa- 
tion. 


BRAKE  VALVE 

Lubricate  roller  pin  and  hinge  pin  with  multipurpose 
grease  after  every  50  hours  of  operation.  Each  valve 
has  grease  fitting  installed.  Lift  boot  away  from  mount- 
ing plate  and  place  six  drops  of  engine  oil  (SAE-20) 
between  mounting  plate  and  plunger  after  every  50 
hours  of  operation. 

Periodically  clean  exhaust  strainer. 

When  installing  brake  valve,  position  the  adjusting 
screw  so  that  it  just  contacts  the  bottom  of  the  treadle 
with  the  roller  resting  on  the  plunger.  Tighten  the  jam 
nut  to  hold  the  adjusting  screw  in  this  position. 

When  overhauling  the  brake  valve,  order  Repair  Kit, 
Trojan  Part  No.  6955170  for  seals  and  other  service 
parts.  Replace  all  parts  with  those  in  kit. 

DASH  AIR  GAUGE 

Every  6  months,  check  dash  gauge  with  a  test  gauge 
known  to  be  accurate. 


AIR  RESERVOIR 

Keep  condensation  drained.  Open  both  drain  valves  at 
the  bottom  of  the  air  reservoir  daily  or  as  frequently  as 
found  necessary,  depending  on  operating  conditions. 
Oil  and  water  from  the  compressor  should  not  be  al- 
lowed to  accumulate  in  the  reservoir.  See  Fig.  102. 

SAFETY  VALVE 

When  reservoir  pressure  reaches  90  to  120  pounds,  pull 
the  exposed  valve  stem  occasionally  to  permit  the  valve 
to  "blow  off."  If  valve  does  not  "blow  off"  when  this  is 
done,  remove,  disassemble  and  clean.  Pressure  setting 
may  be  raised  by  turning  adjusting  screw  clockwise  or 
lowered  by  turning  adjusting  screw  counterclockwise. 
Always  loosen  lock  nut  before  adjusting  and  make  cer- 
tain it  is  tightened  after  adjustment  is  made. 

GOVERNOR 

When  reservoir  pressure  reaches  90  to!20  pounds,  the 
governor  stops  the  further  compression  of  air.  When 
the  reservoir  pressure  is  reduced  to  80  to  85  pounds,  the 
governor  shuts  off  exhausting  air  and  compression  is 
begun  again. 


Pressure  range  and  settings  should  be  checked  period! 
cally,  using  an  air  gauge  known  to  be  accurate.  Tc 
adjust  the  governor,  remove  the  rubber  cover  from  th< 
top  of  the  governor.  Loosen  the  lock  nut  and  turn  th« 
adjusting  screw.  If  air  escape  pressure  is  less  than  9( 
psi  turn  the  adjusting  screw  clockwise.  If  air  escap< 
pressure  is  above  120  psi,  turn  the  adjusting  screw  coun 
terclockwise.  Tighten  the  lock  nut,  install  the  cover 
Both  strainers  should  be  removed  periodically  anc 
cleaned  or  replaced. 

The  governor  should  be  periodically  checked  for  leak 
age  at  the  exhaust  port  in  both  cut  in  and  cut  ou 
positions. 


BRAKE  POWER  CLUSTER 

Check  the  power  cluster  for  brake  hydraulic  fluid  leaks 
Apply  the  brakes  and  check  for  air  leaks. 

Check  the  stroke  indicator  periodically  to  determine  ii 
brake  adjustment  is  required.  Before  checking,  make 
sure  the  brake  fluid  reservoirs  are  filled. 

To  check  the  power  cluster  stroke,  build  up  normal  ail 
pressure  in  the  air  reservoir.  Depress  the  brake  peda 
fully  to  apply  the  brakes.  At  the  same  time,  have  ar 
assistant  (positioned  under  the  loader)  measure  the 
travel  of  the  stroke  indicator  of  the  power  cluster  (Fig 
103).  Normal  travel  is  to  VA  inch.  Greater  travel  indi- 
cates the  need  for  brake  adjustment.  The  power  clustei 
at  the  right  side  of  the  machine  is  associated  with  the 
front  wheel  brakes.  The  power  cluster  at  the  left  side 
of  the  machine  is  associated  with  the  rear  wheel  brakes 

NOTE:  Excessive  travel  of  the  stroke  indicator  may  be 
caused  by  air  in  the  brake  hydraulic  system 
If  braking  is  spongy,  and  if  brake  shoe  adjust- 
ment fails  to  correct  the  excessive  travel  of  the 
stroke  indicator,  bleed  the  brake  system  tc 
remove  any  entrapped  air. 


Fig.  103.     Checking  Brake  Adjustment  at  Power  Cluster 


POWER  CLUSTER  REMOVAL 

Thoroughly  clean  the  area  around  the  power  cluster  to 
prevent  the  entry  of  dirt  into  air  and  hydraulic  lines. 

Disconnect  the  air  and  hydraulic  lines  from  the  power 
cluster. 

Remove  the  bolts  and  lockwashers  that  secure  the  power 
cluster  to  the  front  shroud;  remove  the  power  cluster. 

POWER  CLUSTER  DISASSEMBLY 

Refer  to  the  Power  Cluster  illustration  for  identincatkm 
of  pants. 

Clean  the  exterior  of  the  power  cluster  with  an  oil 
solvent  or  kerosene.  Dry  thoroughly.  Take  care  to  pre- 
vent solvent  from  entering  hydraulic  cylinder. 

Remove  the  screws  (3)  and  lockwashers  that  secure  the 
shell  (2)  to  the  head  assembly  (9).  Pull  off  the  shell. 

Remove  the  piston  (5),  return  spring  (7),  and  boot  (8). 
Pull  the  piston  cup  (4)  and  wiper  (6)  from  the  piston. 

Unscrew  the  stroke  indicator  (16)  to  remove  it. 


Use  an  awl  to  pry  the  filter  screen  (10)  from  the  head 
(9).  Push  out  the  filter  (11)  and  second  screen. 

Remoye  lock  ring  (23)  that  secures  the  piston  stop 
plate  (22)  from  the  housing  (14);  remove  the  plate 
and  slide  out  the  piston  assembly  and  spring  (18)  . 

Remove  the  primary  cup  (19)  and  secondary  cup  (21) 
from  the  piston  (20). 

Remove  the  parts  of  the  check  valve  (17)  from  the 
housing  (14). 

POWER  CLUSTER  CLEANING 
AND  INSPECTION 

Clean  the  air  ports  of  the  power  cluster  with  cleaning 
solvent.  Dry  with  compressed  air. 

Clean  hydraulic  cylinder  parts  with  denatured  alcohol 
or  hydraulic  brake  fluid.  Do  not  use  mineral  solvents, 
since  they  will  deteriorate  rubber  parts.  The  cylinder 
may  be  steam  cleaned  to  remove  all  loose  dirt  and 
reservoir  sediment.  Do  not  attempt  to  clean  the  bypass 
part  with  a  stiff  wire,  since  it  may  enlarge  or  burr  the 
part. 


POWER  CLUSTER  ASSEMBLY 
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Inspect  the  air  cylinder  shell  for  cients,  scores,  or 
scratches  that  could  damage  the  lip  of  the  piston  cup. 

Inspect  the  air  cylinder  piston  and  rod  for  tight  assem- 
bly. The  rod  must  be  at  right  angles  to  the  piston. 

Inspect  the  air  cylinder  piston  cup  for  wear,  swelling, 
or  softness.  Replace  if  damaged. 

Inspect  the  air  cylinder  boot  for  cracks  and  deteriora- 
tion. Replace  if  faulty. 

Inspect  spring  for  rust,  corrosion,  and  distortion.  Re- 
place springs  which  have  taken  a  "set." 

Inspect  the  hydraulic  cylinder  for  scoring,  grooves,  or 
other  damage  of  the  cylinder  walls.  Polish  with  a  crocus 
cloth  or  hone  with  a  conventional  hone  set,  following 
the  manufacturer's  instructions.  Clean  thoroughly  with 
denatured  alcohol  after  honing. 

The  inside  diameter  of  the  cylinder  must  not  exceed 
the  nominal  size  by  more  than  .007  inch.  Remove  any 
burrs  from  the  bypass  port  after  honing. 

Inspect  the  hydraulic  cylinder  piston  for  scratches  and 
eccentricity.  Replace  a  damaged  piston. 

Replace  hydraulic  piston  primary  and  secondary  cups 
if  they  are  worn,  swollen,  or  soft. 


POWER  CLUSTER  REASSEMBLY 

Refer  to  Power  Cluster  illustration  for  identification  of 
parts. 

Install  the  parts  of  the  check  valve  (17)  and  the  spring 
(18)  in  the  housing  (14).  Install  the  primary  and  sec- 
ondary cups  (19  and  21)  on  the  hydraulic  cylinder 
piston  (20).  Lubricate  the  piston  parts  and  the  bore  of 
the  hydraulic  cylinder  with  clean  hydraulic  fluid  before 
assembling. 


Install  the  piston  in  the  hydraulic  cylinder  of  the  hous- 
ing. Secure  by  installing  the  piston  stop  plate  (22)  and 
lock  ring  (23). 

Soak  the  wiper  (6)  in  SAE-10  engine  oil  before  as- 
sembling. Install  the  wiper  and  piston  cup  (4)  on  the 
piston. 

Install  the  screen  (10),  filter  (11),  and  second  screen 
in  the  head  (9). 

Install  the  boot  (8)  on  the  piston  so  that  the  lip  engages 
the  groove  at  the  air  piston. 

Position  the  spring  (7)  and  piston  (5)  on  the  head 
(9).  Position  the  shell  carefully  over  the  piston  and 
secure  to  the  head  with  screws  (3)  and  lockwashers. 

Insert  a  drift  into  the  air  intake  part  of  the  shell  and 
force  the  piston  through  a  full  stroke.  At  the  end  of 
the  stroke  the  boot  should  engage  the  groove  in  the 
cylinder  head. 

Install   the   stroke   indicator    (16). 

Position  the  air  and  hydraulic  parts  of  the  power  cluster 
on  the  angle  bracket;  secure  together  with  bolts  (?)  and 
lockwashers. 

POWER  CLUSTER  INSTALLATION 

Position  the  angle  bracket  of  the  power  cluster  on  the 
frame;  secure  with  bolts,  nuts,  and  lockwashers. 

Connect  the  air  and  hydraulic  lines  to  power  cluster. 

Fill  the  hydraulic  reservoir  of  the  power  cluster  with 
hydraulic  brake  fluid.  Start  the  engine  to  build  up  air 
pressure.  Bleed  the  brakes  as  directed  in  the  Brake 
Section.  (See  Index.)  Check  for  air  and  hydraulic  leaks 
and  for  proper  brake  application. 

NOTE:   Each  time  a  power  cluster  is   rebuilt,  we   rec- 
ommend the  power  clusters  be  rebuilt  in  pairs. 
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POWER  CLUSTER  ASSEMBLY 


(Two 


Item        Part  No. 


1         ^^      »    W      HM  •  ^k          '^rf  AM  ^^  +*     •      h  I  ^         « — \+J  +f  ha  I  W  B  BnP  Baa     J 

power  clusters  used  per  mochine.    Quantity  shown  is  for  one.) 


Description 


No.  Req'd. 


A        2048254-      Power  Cluster  Assy.  (Incl. 

Items  1  thru  27)         .  1 

B  6950217  Repair  Kit,  Power  Cluster 
(Incl.  I  terns  4,  6,  8,  17, 
19&20)  1 

C        6951277       Cylinder  Assy.,    Master 
(Incl.  Items  12, 13, 14  & 
17  thru  23)  1 

1         6951267       Cylinder  Assy.,  Air  (Incl. 
Items  2  thru  11A  &  15 
thru  16)  1 

Shell  1 

Reducer,  Pipe  (N.I.)  1 

Screw,  Cap  8 

Washer,  Lock  8 

Cup,  Piston  1 

Piston  &  Rod  Assy.  1 

Wiper  1 

Spring,  Piston  Return  1 

Boot        1 

Head  Assy.     (Incl.  Items 

lr  thru  11A)  1 

10        6951274      Screen  2 


2 

6951268 

2A 

2033040 

3 

2031449 

3A 

2035542 

4 

6951269 

5 

6951221 

6 

6951270 

7 

6951272 

8 

6951271 

9 

6951273 

Item        Part  No. 


Description 


No.  Req'c 


11 

6951275 

Filter      

11A 

6951276 

Retainer  (N.I.)    . 

12 

6951286 

Plug,  Filler             

13 

2040808 

Gasket 

14 

6951278 

Housing 

15 

2037617 

Bolt 

I 

ISA 

2031391 

Washer,  Lock 

16 

6951223 

Indicator,  Stroke 

17 

6951279 

Valve,  Check              

18 

6951280 

Spring,  Piston  Return  

19 

6951281 

Cup,  Primary       

20 

6951282 

Piston  Assy.  (Incl.  Item 

21)              

21 

6951283 

Cup,  Secondary 

22 

6951284 

Plate,  Piston  Stop 

23 

6951285 

Ring,  Lock      

24 

2031475 

Screw,  Cap 

4 

24A 

2031391 

Washer,  Lock 

4 

24B 

2031371 

Nut 

4 

25 

6951288 

Bracket,  Mounting 

1 

26 

6951290 

Plate,  Identification  (N.I.) 

1 

27 

6951289 

Pin,  Identification  Plate 

(N.I.) 

2 

To  assure  proper  operation  of  the  hydraulic  brake  sys- 
tem, it  must  be  completely  free  of  air  bubbles.  After 
overhaul  of  components  or  after  any  other  condition 
that  could  have  allowed  the  entry  of  air  into  the  hy- 
draulic system,  the  associated  brake  system  must  be 
bled.  The  necessity  for  bleeding  is  indicated  by  excessive 
travel  of  the  power  cluster  stroke  indicator  when  the 
brake  is  applied  with  all  brakes  properly  adjusted.  Air 
in  the  brake  system  can  be  caused  by  extremely  low 
fluid  in  the  reservoir  of  the  power  cluster  or  by  faulty 
piston  cups  in  the  wheel  cylinder  or  in  the  hydraulic 
cylinder. 

NOTE:  Maintain  a  full  supply  of  clean  brake  fluid  in 
the  hydraulic  reservoir  of  the  power  cluster 
while  bleeding  the  brake  system.  The  left 
power  cluster  is  associated  with  the  rear  brakes. 
The  right  power  cluster  is  associated  with  the 
front  brakes. 

Install  a  brake  bleeder  hose  approximately  1 5  inches 
long  on  the  brake  bleeder  screw  at  one  of  the  associated 
wheel  cylinders.  Place  the  other  end  of  the  hose  in  a 
glass  jar  containing  a  small  amount  of  brake  fluid.  Start 
the  engine  and  build  up  air  pressure  in  the  brake  air 
reservoir.  Loosen  the  bleeder  screw  and  have  a  helper 
slowly  depress  the  brake  pedal.  Tighten  the  bleeder 
screw  before  the  brake  pedal  is  released.  Bubbles  rising 
in  the  fluid  in  the  jar  indicate  air  in  the  system.  Repeat 
the  procedure  until  there  is  no  sign  of  air  bubbles 
being  pumped  from  the  bleeder  screw.  Tighten  the 
bleeder  screw  and  remove  the  hose. 

Repeat  the  procedure  for  the  remaining  wheel  of  the 
associated  system  to  assure  that  the  system  is  free  of 
air.  After  bleeding,  make  sure  the  fluid  is  at  the  required 
level  in  the  fluid  reservoir  of  the  power  cluster. 

NOTE:  Fluid  pumped  from  the  brake  system  during 
the  bleeding  procedure  should  be  discarded. 
Fill  the  power  cluster  with  clean  brake  fluid 
during  bleeding  to  prevent  additional  entry  of 
air  due  to  a  low  fluid  supply  in  the  reservoir. 


1.  Brake  shoe  adjusting  cams 

2.  Anchor  pins  (not  adjustable) 


Fig.  105.     Brake  Shoe  Adjustment 

TROUBLE  SHOOTING  AIF  BRA1X»<  FY.'T/EM 

NOTE:  When  trouble  shooting  thr  i-i:.1'...  v.stc.'.,  ih 
trouble  is  most  easily  localized  by  determinin, 
if  both  or  either  front  or  rear  brakes  are  af 
fected.  From  the  air  reservoir  to  the  brak 
treadle  valve,  the  front  and  rear  brake  system 
use  the  same  operating  components.  From  th 
brake  treadle  valve  to  the  wheels,  the  front  am 
rear  components  are  separate. 


BRAKE  ADJUSTMENT 


Block  rear  wheels  and  jack  up  front  wheels  until  they  are  free  to  rotate.  Turn 
one  adjusting  cam  in  the  direction  shown  in  figure  105  until  the  brake  lining  is 
firmly  pressed  against  the  drum,  preventing  wheel  rotation.  Then  back  off  the 
cam  while  rotating  the  wheel  until  the  wheel  is  free  to  rotate  without  any  brake 
drag.  Repeat  the  procedure  for  the  second  cam  to  complete  the  adjustment  for  one 
wheel.  Adjust  the  opposite  wheel  in  the  same  manner. 

NOTE:  Since  the  differentials  are  limited  slip  type,  both  wheels  of  the  same 

axle  must  be  jacked  up. 

i 

Block  the  front  wheels  and  jack  up  the  rear  wheels.  Perform  rear  wheel  brake  ad- 
justment using  same  procedure  as  above. 
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DUAL  BRAKE  VALVE 


Item 

Part  No. 

Description                   No. 

Req'd. 

A 

2057708 

Valve  Assy.,  Dual  Brake 

1 

B 

6955170 

Kit,   Valve  Repair    (fncl. 

Items  5,  13,  16,  17,  18, 

19,  21,  23,  27,  31,  33 

&36)    

1 

1 

6951061 

Pin,  treadle        

2 

2 

6951058 

Roller 

1 

3 

6951056 

Treadle 

1 

4 

2031766 

Pin,  Cotter         

2 

5 

6951057 

Boot     

1 

6 

6951060 

Plunger          

1 

7 

2056486 

Screw,  Machine   

3 

8 

6951059 

Flange,  Mounting   

1 

9 

2054812 

Valve  Assy.,   Basic    (Incl. 

Items  10  thru  41) 

1 

10 

6951027 

Ring,  Retaining 

1 

11 

6951028 

Retainer,  Spring     

1 

12 

6951029 

Spring,  Metering    

1 

13 

6951031 

"0"  Ring 

1 

14 

6951030 

Piston      

1 

15 

2031428 

Screw    

4 

ISA 

2031389 

Washer,  Lock      

4 

16 

6951034 

Valve,  Inlet     

1 

17 

6951038 

Tetraseal         

1 

18 

6951041 

Tetraseal    

1 

19 

6951044 

"0"  Ring 

1 

Item 

Hart  No. 

Description                   No.  t 

leqd. 

20 

6951054 

Body                 

21 

6951053 

Valve,  Inlet       

22 

6951051 

Guide,  Valve      

23 

6951049 

"V"  Packing      1 

24 

6951047 

Shield,  Exhaust    1 

25 

6951045 

Ring,  Retaining    

26 

6951048 

Retainer,  Seal                             1 

27 

6951050 

Tetraseal         

28 

6951052 

Spring,  Inlet  Valve  

29 

6951046 

Spring,  Return     

30 

6951042 

Piston              

31 

6951043 

"0"  Ring         

32 

6951039 

Cover               

33 

6951040 

"0"  Ring           

34 

6951033 

Rod,  Push             

35 

6951036 

Guide,  Valve          

36 

6951037 

"V"  Packing        

37 

6951035 

Spring,  inlet  Valve  

38 

6951055 

Body                    

39 

6951032 

Spring,  Return     

40 

6951026 

Piston  Assy.    (Incl.  Items 

10,11,  12&14)  

41 

6951025 

Retainer,  Spring    

42 

6951062 

Setscrew 

43 

2058864 

Nut,  Jam          

MAL.C. 


1  he  ends  of  the  axles  incorporate  a  planetary  system 
which  provides  a  3.6:1  reduction  of  the  rotational  force 
from  the  differential,  so  that,  in  combination  with  the 
differential,  the  axle  provides  a  total  reduction  of 
26.64:1. 

Rotational  force  from  the  differential  is  transferred  to 
the  planetary  assemblies  through  an  axle  shaft.  The 
spur  tcf-th  of  the  sun  gear  at  the  end  of  the  axle  shaft 
mesli  with  the  teeth  of  planet  spur  gears.  The  planet 
spur  gears  mount  on  a  spider  and  in  turn  mesh  with 
the  ceeth  of  a  floating  internal  tooth  ring  gear.  The  ring 
gear  is  rigidly  mounted  so  that  the  planet  spur  gears 
''walk"  around  the  ring  gear  and  turn  the  planetary 
spider,  c.  hich,  in  turn,  causes  rotation  of  hubs,  on  which 
tin:  rims  and  tires  are  mounted.  The  brake  drum  is 
bolvcd  to  and  rotates  with  the  hub.  Brake  shoes  are  in- 
tct!:i!ly  mounted  within  the  drums. 


AXLJ-  PLANETARY  DISASSEMBLY 

Refer  to  the  Axle  Planetary  Hub  illustration  'for  parts 
identification. 

Jack  tip  both  ends  of  axle  so  that  tires  clear  the  ground. 
Due  to  the  extreme  weight  of  the  vehicle,  block  up 
under  each  axle  pad  to  support  the  weight  safely  and 
hold  axle  at  this  level.  Remove  jacks  to  provide  ade- 
quate working  space  with  no  danger  of  axle  ends  falling 
or  shifting 

Remove  the  wheel  nuts  (17).    Remove  the  wheel. 

Rotate  hub  assembly  so  that  the  drain  plug  (15)  is  at 
the  bottom.  Remove  the  plug  nnd  dmin  lubricant. 

Remove  the  bolts  (40)  and  lockwashers  that  secure  the 
planetary  cover  nnd  thrust  button  assembly  (38)  to  the 
planetary  gear  spider  (33);  remove  the  cover  and  gas- 
ket (37). 

Remove  the  bolts  (36)  and  lockwashers  that  secure  the 
planetary  gear  spider  (33)  to  the  hub  and  cup  assembly 
(16).  Turn  puller  bolts  into  the  threaded  holes  pro- 
vided in  tho  planetary  spider  flange  to  pull  the  spider 
from  the  huh, 

Press  the  planetary  pinion  shafts  (34)  from  the  spider 
(33)  and  remove  the  planetary  pinions  (30)  and  thrust 
washers  (29)  and  (31). 

Remove  the  retaining  ring  (28)  that  secures  the  sun 
gear  (27)  to  the  axle  shaft  (9);  remove  the  sun  gear 
and  thrust  washer  (26). 

Pull  straight  out  on  the  axle  shaft  (9)  to  remove  it 
from  the  axle  housing. 

Remove  the  lock  halves  (25)  that  secure  the  bearing 
adjusting  nut  (24)  on  the  spindle.  Remove  the  bearing 
adjustment  nut  (24). 

Support  the  weight  of  the  assembled  brake  drum  and 
hub  with  a  hoist. 


Use  puller  screws  in  the  threaded  holes  in  the  flange 
of  the  ring  gear  hub  (22)  to  pull  the  assembled  plane- 
tary ring  gear  (23)  and  hub  from  the  spindle. 

Remove  the  lockwire,  bolts  (20),  and  four  ring  gear 
locks  (21 )  that  secure  the  ring  gear  to  the  hub;  remove 
the  ring  gear.  Use  a  puller  to  remove  the  outer  bearing 
cone  (19)  from  the  ring  gear  hub. 

Lift  the  hub  and  drum  slightly  to  relieve  hub  weight 
and  brake  shoe  drag.  Pull  the  assembled  hub  and  cup 
assembly  (16)  and  drum  (12)  from  the  spindle  and 
brake  assembly.  If  hub  or  drum  must  be  replaced, 
remove  the  lockwires  and  bolts  (11)  that  secure  the 
drum  to  the  hub;  remove  the  drum  and  oil  slinger  (13). 
Use  a  suitable  puller  to  remove  the  bearing  cups  (1  and 
18)  from  the  hub. 

Remove  the  bearing  cone  (2),  retainer  (3)  and  oil  seal 
(4)  from  the  spindle  (6).  To  remove  the  brakes  as  an 
assembly,  remove  the  bolts  (10),  nuts,  and  lockwashers 
that  secure  the  brake  assembly  and  spindle  (6)  to  the 
axle  housing.  Remove  its  brakes  and  sp;ndle. 

Remove  the  "O"  ring  (7)  and  oil  seal  retainers  (8) 
from  the  spindle  (6). 


AXLE  PLANETARY  CLEANING 
AND  INSPECTION 

Clean  parts  with  ground  and  polished  surfaces,  includ- 
ing gears,  bearings,  shafts,  and  collars,  with  a  suitable 
solvent  such  as  krrosene  or  diesel  fuel. 

CAUTION:  Do  not  clean  parts  with  gasoline.  Do  not 
use  a  hot  solution  tank  or  strongly  alka- 
line water  solutions  containing  sodium 
hydroxide,  orthosilicates,  or  phosphates 
to  clean  ground  and  polished  parts.  Do 
not  steam-clean  parts  after  they  have  been 
removed  from  the  axle  housing.  This  will 
cause  corrosion  of  close  tolerance  parts 
and  also  cause  rust  particles  to  become  en- 
trained in  the  lubricating  oil. 

Rough  casting  parts  may  be  cleaned  in  hot  solution 
tanks  using  mild  alkali.  Allow  parts  to  remain  in  the 
tank  long  enough  to  be  thoroughly  cleaned  and  heated 
through.  The  heat  will  aid  evaporation  of  the  rinse 
water  after  washing.  Rinse  thoroughly  to  remove  all 
traces  of  alkali. 

Dry  all  parts  immediately  after  cleaning,  using  soft, 
lintless  paper  towels  or  wiping  rags.  Prevent  lapping 
compound,  metal  filings,  or  contaminated  oils  from 
entering  the  parts.  Coat  all  parts  with  light  oil  imme- 
diately after  inspection  to  prevent  corrosion.  If  parts 
are  to  be  stored  before  reassembly,  treat  them  with  a 
good  rust  preventive  and  wrap  them  in  protective  paper. 
Carefully  inspect  all  bearing  cups  and  cones  for  wear, 
scoring,  pitting,  or  other  damage. 
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Item        Part  No. 


Description 


REAR  AXLE  ASSEMBLY 


No.  Req'il. 


A 

2068107 

Axle  Assy.,  Rear    

1 

1 

2 
3 

2006506 
2006298 
2016316 

Planetary  Dain  &  Fill  Plug 
Differential  Level  Plug  .... 
Stud,  Carrier  to  Housing, 
Short 

2 
1 

10 

4 

6600643 

Axle  Housing    (Incl.  Items 
2,3,5&  10)    

1 

5 

6600648 

Stud,  Carrier  to  Housing, 
Lona     

4 

Item 

Part  No. 

Description 

No.  Req'd. 

6 

7 
8 
9 

6600644 
6600645 
2033389 
2016226 

Washer,  Lock 
Nut,  Carrier  to  Housing 
Plug,  Differential,  Fill  
Gasket 

14 
.       14 
1 
1 

10 
11 
11A 

6600651 
2017694 
2017688 

Plug,  Differential,  Drain 
Nut,  Wheel    
Stud,  Wheel 

1 
..      24 
24 

12 

2034287 

Plug,  Planetary  Level    

2 

34567 
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FRONT  AXLE  ASSEMBLY 


Part  No. 


Description 


No.  Req'd.  Item        Part  No. 


2068106 
2006506 
!        2006298 

Axle  Assy.,  Front    
Plug,  Planetary  Drain  
Plug,  Differential  Level  & 
Filler           

1 
2 

1 

i        6600296 
6600649 

Stud,  Carrier  to  Housing, 
Short    
Housing,  Axle  (Incl.  Items 
2,  3,  5  &  9) 

10   * 
1 

2006240 

Stud,  Carrier  to  Housing, 
Long     

4 

Description 


No.  Req'd. 


9 

2041783 

Gasket      

1 

8 

2006298 

Plug,  Differential  Filler 

1 

7 

6600344 

Nut,  Carrier  to  Housing 

14 

5 

6600482 

Washer,  Lock     

14 

10 

2034663 

Plug,  Differential  Drain    . 

1 

11A 

2042298 

Stud,  Wheel 

24 

11 

2017694 

Nut,  Wheel    

24 

12 

2034287 

Plug,  Planetary  Level 

2 

0. 

t- 


REAR  AXLE  PLANETARY  HUB 


Item 

Port  No. 

Description 

No.  Req'd. 

1 

2035796 

Cup,  Inner  Bearing 

2 

2 

2035818 

Cone,  Inner  Bearing    

2 

3 

2035817 

Retainer  &  Seal  Assy. 

find.  Item  4) 

2 

4 

2035816 

Seal,  Oil 

2 

5 

2041416 

Spider  &  Cam  Assy.,  Brake 

2 

6 

2035822 

Spindle,  Wheel  Bearing 

2 

7 

2034490 

"0"  Ring 

2 

8 

(Not  Applicable) 

9 

6600647 

Shaft     

2 

10 

2032225 

Bolt,  Spindle  to  Housing    . 

28 

10A 

2035813 

Washer 

28 

10B 

6600344 

Nut 

28 

11 

2032876 

Bolt,  Brake  Drum  to  Hub 

20 

12 

2035815 

Brake  Drum 

2 

13 

2035821 

Slinger,  Oil 

2 

14 

2017688 

Stud,  Wheel 

24 

15 

2006506 

Plug,  Oil  Drain 

2 

16 

2035823 

Hub  &  Cup  Assy.    (Incl. 

Items  1  &  19) 

2 

17 

2017694 

Nut,  Wheel          

24 

18 

2034716 

Cup,  Outer  Bearing 

2 

19 

2034715 

Cone,  Outer  Bearing 

2 

20 

2006452 

Bolt,  Ring  Gear  Lock 

16 

21 

2034503 

Lock,  Planetary  Ring  Gear 

8 

Item 

Part  No. 

Description 

No.  Req'd. 

22 

2034785 

Hub  &  Sleeve  Assy.,   Ring 

Gear   

2 

23 

2304771 

Gear,  Planetary  Ring 

2 

24 

2034742 

Nut,  Hub  Bearing 

2 

25 

2034513 

Lock,  Hub  Bearing  Nut 

4 

26 

2034744 

Washer,  Sun  Gear  

2 

27 

2034772 

Gear,  Planetary  Sun 

2 

28 

2034751 

Ring,  Retaining    

2 

29 

6600160 

Washer,  Thrust,  Inner    .... 

6 

30 

2034773 

Pinion,  Planetary     

6 

31 

2034506 

Washer,  Thrust,  Outer 

6 

32 

2042828 

"O"  Ring 

2 

33 

2034787 

Spider,  Planetary  Gear     .. 

2 

34 

6600161 

Shaft,  Planetary  Pinion 

6 

35 

2017646 

Button,  Thrust 

2 

36 

2034483 

Bolt,   Planetary  Spider  to 

Hub 

32 

36A 

2031393 

Washer,  Lock 

32 

37 

2034514 

Gasket 

2 

38 

2034519 

Cover  &  Thrust  Button 

Assy.  (Incl.  Item  36) 

2 

39 

2034287 

Plug,  Oil  Filler     

2 

40 

6600646 

Bolt,    Planetary    Spider 

Cover 

16 

40A 

2031392 

Washer,  Lock 

16 

FRONT  AXLE  PLANETARY  HUB 


Item 

Part  No. 

Description 

No.  Req'd. 

1 

2034489 

Cup,  Outer  Bearing 

2 

2 

2034488 

Cone,  Outer  Bearing 

2 

3 

6600706 

Retainer  &  Seal  Assy. 

(Incl.  Item  4) 

2 

4 

6600705 

Seal,  Oil 

2 

5 

2041753 

Spider  &  Cam  Assy.,  Brake 

2 

6 

2034526 

Spindle,  Wheel  Bearing 

2 

7 

2034490 

"0"Ring   

2 

8 

(Not  Applicable) 

9 

6600650 

Shaft     

2 

10 

2034484 

Bolt,  Spindle  to  Housing 

28 

10A 

2034452 

Washer 

28 

10B 

2041786 

Nut 

28 

1) 

2032876 

Bolt,  Brake  Drum  to  Hub 

24 

12 

2034517 

Brake  Drum 

2 

13 

2034528 

Slinger,  Oil 

2 

14 

2042298 

Stud,  Wheel 

24 

15 

2006506 

Plug,  Oil  Drain 

2 

16 

6600036 

Hub  &  Cup  Assy.  (  Incl. 

Items  1&  19)      

2 

17 

2017694 

Nut,  Wheel 

24 

18 

2034489 

Cup,  Inner  Bearing 

2 

19 

2034488 

Cone,  Inner  Bearing 

2 

20 

2006452 

Bolt,  Ring  Gear  Lock 

16 

21 

2034503 

Lock,  Planetary  Ring  Gear 

8 

Item 

Part  No. 

Description 

No.  Req'd. 

22 

2034524 

Hub  &  Sleeve  Assy.,  Ring 

Gear    

2 

23 

2034523 

Gear,  Planetary  Ring 

2 

24 

2034742 

Nut,  Hub  Bearing 

2 

25 

2034513 

Lock,  Hub  Bearing  Nut 

4 

26 

2034508 

Washer,  Sun  Gear 

2 

27 

2034522 

Gear,  Planetary  Sun  

2 

28 

2034510 

Ring,  Retaining   

2 

29 

6600160 

Washer,  Thrust,  Inner     .. 

6 

30 

2034521 

Pinion,  Planetary  

6 

31 

2034506 

Washer,  Thrust,  Outer 

6 

32 

2042828 

"0"Ring  

2 

33 

6600038 

Spider,  Planetary  Gear 

2 

34 

6600162 

Shaft,  Planetary  Pinion 

6 

35 

2017646 

Button,  Thrust      

2 

36 

2034483 

Bolt,  Planetary  Spider  to 

Hub 

60 

36A 

2031393 

Washer,  Lock 

60 

37 

2034514 

Gasket 

2 

38 

2034518 

Cover  fir  Thrust  Button 

Assy.  (Incl.  Item  36) 

2 

39 

2034287 

Plug,  Oil  Filler 

2 

40 

6600646 

Bolt,  Planetary  Spider 

Cover 

16 

40A 

2031392 

Washer,  Lock 

16 

nspect  planet  gears,  sun  gears,  and  ring  gears  for 
rear  and  damage.  Replace  gears  that  are  scored,  pitted, 
idged,  galled,  or  worn. 

nspect  drive  shafts  for  signs  of  torsional  fractures  or 
ither  signs  of  impending  failure. 

'eplace  lockwasher,  snap  rings,  oil  seals,  gaskets,  and 
imilar  expendable  parts  at  each  overhaul. 

Jemove  nicks,  mars,  and  burrs  from  machined  or 
;round  surfaces  with  a  fine  mill  file  or  India  stone. 
^lake  sure  all  threaded  parts  are  clean  in  order  that  all 
>arts  may  be  properly  adjusted  and  torqued.  Remove 
.11  burrs  caused  by  lockwashers  to  assure  easy  reas- 
embly  of  parts. 


\XLE  PLANETARY  REASSEMBLY 

nstall  a  new  oil  seal  retainer  (8)  in  the  inner 
nd  of  the  spindle  (6),  using  a  suitable  driver, 
'osition  a  new  "O"  ring  on  the  inner  lip  of  the  spindle 
nd  position  the  spindle  assembly  and  brake  assembly 
m  the  axle  housing;  secure  with  bolts  (10)  and  nuts, 
forque  nuts  to  185  to  205  ib.  ft.  on  the  rear  axie  and 
20  to  415  Ib.  ft.  on  the  front  axle. 

f  they  were  removed,  install  new  bearing  cups  (1  and 
8}  in  the  hub  (16).  Position  the  oil  slinger  (13)  and 
irake  drum  (12)  on  the  hub  and  secure  with  bolts  (11) 
nd  torque  to  160  to  205  Ib.  ft.  Lockwire  bolts  in  pairs, 
nstall  the  bearing  cone  (2),  oil  seal  retainer  (3)  and 
iil  seal  (4)  in  hub. 

Jse  a  hoist  to  position  the  assembled  hub  and  drum 
in  the  spindle,  taking  care  not  to  damage  the  seal. 
Continue  to  support  the  hub  and  drum. 

'ress  the  bearing  cone  (19)  on  the  ring  gear  hub  (22). 
'osition  the  ring  gear  (23)  on  the  hub;  secure  with  four 
ing  gear  locks  (21),  each  of  which  is  held  in  place  with 
wo  bolts  (20).  Torque  bolts  to  33  to  43  Ib.  ft. 

'osition  the  assembled  ring  gear  and  hub  on  the  spin- 
He.  If  necessary,  raise  or  lower  the  brake  drum  and 
mb  as  necessary  to  allow  the  bearing  cone  (J9)  to  seat 
n  the  bearing  cup  (18).  Install  the  wheel  bearing  ad- 
ustment  nut  (24).  Tighten  the  adjustment  nut  against 
he  ring  gear  hub  to  400  Ib.  ft.  torque  while  rotating 
he  wheel  in  both  directions.  Make  sure  all  parts  are 
ully  seated.  Back  off  the  adjusting  nut  one-quarter 
urn  to  relieve  preload  on  the  bearings. 

f  Wheel  Bearings  are  New,  check  the  rotating  torque 
/ith  a  pull  scale  and  cord.  Wrap  the  cord  around  the 
»ub  and  hook  the  spring  scale  on  the  end  of  the  cord. 
Refer  to  Fig.  107).  Check  the  pull  necessary  to  cause 
he  wheel  to  continue  (not  start)  rotation.  Force  re- 
[uired  to  keep  wheel  rotating  must  be  between  11  and 
7  pounds  (6  to  10  Ib.  ft.  torque  on  the  front  axle  and 
to  9  Ib.  ft.  torque  on  the  rear  axle.)  Advance  the 
/heel  nut  in  small  increments  until  the  proper  bearing 
•reload  is  attained.  Install  the  adjusting  nut  lock  (25). 


Fig.  107     Checking  Wheel  Bearing  Preload 

If  USED  Wheel  Bearings  are  installed,  be  certain  they 
are  installed  in  the  original  manner.  Advance  the  ad- 
justing nut  in  small  increments  until  an  increase  in 
rotating  torque  is  noted.  If  the  increase  is  slight,  install 
the  nut  lock  (25) .  If  necessary,  back  off  the  nut  slightly 
to  permit  nut  lock  installation.  If  the  preload  increase 
is  appreciable,  back  off  the  nut  until  only  a  slight  in- 
crease in  preload  is  noted.  Install  the  nut  lock. 

Install  the  axle  shaft  (9)  so  that  it  engages  the  splines 
of  the  differential.  Position  the  thrust  washer  (26)  on 
the  axle  shaft  so  that  the  pins  in  the  washer  engage  the 
recesses  in  the  adjustment  nut  (24) .  Install  the  sun 
gear  (27)  nd  secure  it  to  the  axle  shaft  with  a  retaining 
ring  (28). 

With  the  planetary  gear  spider  (33)  flat  on  a  bench, 
install  the  inner  thrust  washer  (29)  so  that  the  tang  on 
the  washer  engages  the  recess  in  the  spider.  Install  the 
planetary  pinion  (30)  and  outer  thrust  washer  (31). 
Secure  by  installing  the  planetary  pinion  shaft  (34) 
with  the  small  diameter  first  and  the  flat  on  the  opposite 
end  toward  the  outside  of  the  hub  circle.  Press  the 
shaft  in  place  until  it  rests  against  the  inner  thrust 
washer.  Install  the  remaining  two  planetary  gears  in 
the  same  manner. 

Install  a  new  "O"  ring  (32)  on  the  planetary  spider 
assembly  and  position  the  planetary  spider  on  the  axle 
so  that  the  planetary  gears  engage  the  teeth  of  the  sun 
pear  and  the  ring  gear.  Secure  the  planetary  spider  to 
the  hub  with  bolts  (36)  and  lockwashers.  Torque  bolts 
to  82  to  91  Ib.  ft. 

Be  certain  thrust  button  (35)  is  firmly  seated  in  plane- 
tary spider  cover  (38).  Position  planetary  spider  cover 
and  gasket  (37)  on  the  hub  and  secure  with  bolts  (40) 
and  lockwashers.  Torque  bolts  to  59  Ib.  ft. 

Install  tire  and  rim.  Consult  Wheel  Mounting  Instruc- 
tions. (See  Index.) 

Lubricate  planetary  assembly  as  directed  in  the  lubrica- 
tion chart. 


AXLE  BRAKE  OVERHAUL 

Hydraulic  brakes  are  used  to  slow  or  stop  the  vehicle. 
The  hydraulic  pressure  is  supplied  by  an  air-over- 
hydraulic  system  through  a  power  cluster.  When  the 
brakes  are  actuated,  hydraulic  pressure  is  applied  to  the 
wheel  cylinder  mounted  between  the  brake  shoes.  This 
causes  the  pistons  mounted  in  the  wheel  cylinder  to 
move  apart,  moving  the  brake  shoes.  The  linings  of 
the  brake  shoes  are  pressed  against  the  inside  of  the 
brake  drum,  causing  friction  to  be  created  between  the 
stationary  brake  linings  and  the  rotating  drums.  The 
friction  causes  the  brake  drums — and  the  vehicle — to 
slow  down  or  stop. 


AXLE  BRAKE  DISASSEMBLY 

Refer  to  the  Front  or  Rear  Axle  Brake  illustration  for 
parts  identification.  Remove  the  axle  planetary  as 
directed  in  the  Axle  Planetary  Overhaul  Section  to  ex- 
pose the  'brake  drums  and  operating  parts.  Brake  shoes 
or  brake  springs  can  ibe  replaced  without  removing  the 
entire  brake  assembly  from  the  axle. 


FRONT  AXLE  BRAKE 

Remove  the  brake  shoe  return  springs  (26).  Remove 
the  guide  pin  "C"  washers  (31)  and  washers  (30).  Re- 
move the  anchor  pin  "C"  washers  (28)  and  remove  the 
anchor  pin  link  (27).  Remove  the  assembled  brake 
shoes  (29)  and  linings  (32). 

Remove  the  screws  (16)  that  secure  the  wheel  cylinder 
assembly  (6)  to  the  brake  cam  and  'spider  assembly 
(18);  remove  the  wheel  cylinder  assembly. 

Remove   the   yoke    assemblies    (1),    boots    (2),    pistons. 

(3),  cups  (4),  and  spring  and  retainer  assembly  (5) 
from  the  wheel  cylinder.  Remove  the  inlet  fitting  boll 

(12),  gasket  (11),  and  inlet  fitting  (10)  from  the  wheel 
cylinder.  Remove  the  bleeder  screw  (8)  from  the  wheel 
cylinder. 

Do  not  remove  the  brake  shoe  adjusting  cams  (23) 
and  springs  (22)  from  the  brake  spider  and  cam  assem- 
bly unless  they  are  damaged  and  require  replacement. 
If  anchor  pins  (20)  are  worn  or  damaged,  remove  the 
retaining  rings  (17)  and  drive  out  the  anchor  pins. 


REAR  AXLE  BRAKE 

Remove  the  brake  shoe  return  springs  (23).  Remove 
the  guide  pin  "C"  washers  (29)  and  washers  (28).  Re- 
move the  anchor  pin  "C"  washers  (26)  and  remove  the 
anchor  pin  link  (25).  Remove  the  assembled  brake 
shoes  (24)  and  linings  (30). 

Remove  the  screws  (13)  that  secure  the  wheel  cylinder 
assembly  (6)  to  the  brake  cam  and  spider  assembly 
(17);  remove  the  wheel  cylinder  assembly. 


Remove  the  yoke  assemblies  (1),  boots  (2),  pistons  (3) 
cups  (4),  and  spring  and  retainer  assembly  (5)  rror 
the  wheel  cylinder.  Remove  the  inlet  fitting  bolt  (10) 
gasket  (9),  and  inlet  fitting  (8)  from  the  wheel  cylin 
der.  Remove  the  bleeder  screw  (7)  from  the  whee 
cylinder. 

Do  not  remove  tthe  brake  shoe  adjusting  cams  (21 
and  springs  (19)  from  the  brake  spider  and  cam  assem 
bly  unless  they  are  damaged  and  require  replacenieni 
If  anchor  pins  (18)  are  worn  or  damaged,  remove  th 
retaining  rings  (14)  and  drive  out  the  anchor  pins. 


AXLE  BRAKE  CLEANING,  INSPECTION 
AND  REPAIR 

Wire  brush  the  brake  shoes  to  remove  all  dirt,  rusi 
or  scale.  Clean  all  metallic  parts  with  a  suitable  solven 
such  as  kerosene  or  diesel  fuel.  Do  not  attempt  to  cleai 
brake  shoes  and  linings  with  cleaning  solvent.  Replac 
rubber  parts  of  the  brake  wheel  cylinder. 

Inspect  the  brake  drums  tor  wear,  scoring  and  othe 
damage.  If  the  inner  wear  surfaces  of  the  brake  drum 
are  damaged,  turn  them  down  on  a  lathe,  machinin] 
them  in  increments  of  1/16-inch  increase  on  the  radius 
If  brake  linings  are  worn  so  that  the  rivet  heads  ar< 
close  to  the  friction  surface  of  the  lining,  the  braki 
lining  must  be  replaced.  Drill  out  the  crimped  end  o 
the  rivets  and  drive  the  rivets  with  a  punch.  Thoroughly 
clean  the  contact  faces  of  the  linings  and  shoes  anc 
clamp  the  linings  in  position  on  the  shoes  using  "C 
clamps,  so  that  the  holes  in  the  shoes  and  linings  ar 
aligned.  Drive  in  rivets  with  a  7/16-inch  flat  head  drift 
Make  sure  the  "C"  clamp  is  located  as  close  as  possibl 
to  the  rivet  hole.  Form  the  rivet  heads  with  the  correc 
tubular  rivet  set  following  the  sequence  given  in  Fig.  108 
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Fig.  108.     Brake  Shoe  Riveting  Sequence 


REAR  AXLE  BRAKE  GROUP 


Item 

Port  No. 

Description                    No 

.  Req'd. 

1 

2034839 

Yoke  Assy. 

4 

2 

2034562 

Boot 

4 

3 

2034559 

Piston 

4 

4 

2042010 

Cup 

4 

5 

2034561 

Spring  &  Retainer  Assy. 

2 

6 

6600061 

Wheel  Cylinder  Assy, 

(Incl.  Items  1  thru  10) 

2 

7 

204201  1 

Screw,  Bleeder 

2 

8 

2033379 

Connection,  Inlet 

2 

9 

2012046 

Gasket,  Outside 

2 

9A 

2033395 

Gasket,  Inside       

2 

10 

2033394 

Bolt 

2 

11 

2034536 

Washer,  Brake  Shoe 

Adjusting  Cam  Pin 

4 

12 

2034534 

Pin,  Brake  Shoe  Adjusting 

Cam   (Incl.  Item  11) 

4 

13 

2037614 

Capscrew,  Cylinder  to 

Spider 

4 

13A 

2031391 

Washer,  Lock,  Cylinder  to 

Spider             

4 

14 

2022464 

Ring,  Snap,  Brake  Shoe 

Anchor  Pin 

4 

15 

2034539 

Seal,  Brake  Drum 

2 

16 

2034532 

Pin,  Brake  Shoe  Guide 

8 

16A 

2006378 

Washer,  Brake  Shoe  Guide 

Pin 

16 

(N.I.) 

Not  Illustrated) 

A 

Item 

Part  No. 

Description                    N 

17 

2041416 

Spider,  Brake  (Incl.  Items 

11,  12,  14,  15,16, 

18,   19   &  21) 

18 

2035743 

Pin,  Anchor,  Brake  Shoe 

19 

2034537 

Spring,    Brake    Adjusting 

Cam 

20 

6600400 

Bushing,  Brake  Shoe 

21 

2034538 

Adjusting  Cam,  Brake  Shoe 

22 

2035745 

Pin,  Stop            

23 

2034550 

Spring,  Brake  Shoe  Return 

24 

2034544 

Brake  Shoe  Assy.  (Incl. 

Items  20,  22,  27,  30,  31) 

25 

2041417 

Link,    Brake  Shoe  Anchor 

Pin 

26 

2018354 

"C"  Washer,  Brake  Shoe 

Anchor  Pin 

?7 

Rrnkp  Shop    (  N  S  S  ) 

{»  / 

DIUfVC     JllUC      V  l^t.bJ.HJ.  / 

(Order  Item  24) 

28 

2041175 

Washer,  Spring,  Brake  Shoe 

Guide  Pin 

29 

2034541 

"C"  Washer,  Brake  Shoe 

Guide  Pin 

30 

2034546 

Lining,  Brake  Shoe 

31 

2034547 

Rivet,  Brake  Shoe  Lining 

32 

6600438 

Capscrew  (N.I.)     

32A 

2031389 

Washer.  Lock  (N.I.) 

(N.S.S.)     Not  Serviced  Separately. 


FRONT  AXLE  BRAKE  GROUP 


Item        Part  No. 


Description 


No.  Req'd. 


1 

2034839 

Yoke  Assy.     

4 

2 

2034562 

Boot    

4 

3 

2034559 

Piston 

4 

4 

2042010 

Cup 

4 

5 

2034561 

Spring  &  Retainer  Assy.  . 

2 

6 

6600061 

Cylinder  Assy.,  Wheel 

(Incl.  Items  2  thru  5) 

2 

7 

2033395 

Gasket    

2 

8 

204201  1 

Screw,  Bleeder      

2 

9 

6600438 

Screw      

2 

9A 

2031389 

Washer,  Lock 

2 

10 

2033379 

Fitting,  Inlet    

2 

11 

2012046 

Gasket 

2 

12 

2033394 

Bolt,  Inlet  Fitting 

2 

13 

2034539 

Seal,  Brake  Drum 

2 

14 

2034536 

Washer 

4 

15 

2034534 

Pin  &  Washer  Assy.,  Shoe 

Adjusting    (Incl.    Item 

14)    

4 

16 

2037614 

Screw,  Cylinder  to  Spider 

4 

16A 

2031391 

Washer,  Lock    

4 

17 

2022464 

Rinq,  Retainina  

4 

Item 

Part  No. 

Description 

18 

2041753 

Spider  &  Cam  Assy.,  Brake 

(Incl.  Items  13,  17,  19, 

20,  22  &  23)    

19 

2034532 

Pin,  Brake  Shoe  Guide 

20 

2035743 

Pin,  Brake  Anchor 

21 

2035744 

Bushing      

22 

2034537 

Spring,  Shoe  Adjusting 

Cam 

23 

2034538 

Cam,  Brake  Shoe  Adjusting 

24 

2035745 

Pin,  Stop     

25 

2041175 

Washer,  Spring,  Guide  Pin 

26 

2034550 

Spring,  Brake  Shoe  Return 

27 

2041417 

Link,  Anchor  Pin 

28 

2018354 

"C"  Washer,  Anchor  Pin 

29 

2034544 

Shoe  Assy.,    Brake    {Incl. 

Items  21,  24,  32  &  33) 

30 

2034533 

Washer,  Guide  Pin  

31 

2034541 

"C"  Washer,  Guide  Pin 

32 

2034546 

Lining  Assy.  (Incl.  Item 

33)    

33 

2034547 

Rivet  

_-  -  - 

cylinder  is  directly  above  the  axle,  the  front  shoe  must 
be  the  primary  shoe,  the  rear  shoe  the  secondary  shoe. 

Inspect  the  wheel  cylinder  pistons  for  wear  and  scoring. 

Inspect  the  bore  of  the  wheel  cylinder  for  wear  and 
scoring.  Install  new  boots  and  cups  in  the  wheel  cylin- 
der at  every  overhaul. 

Inspect  brake  shoe  bushings  (21),  front  axle  and  brake 
shoe  bushings  (20),  rear  axle  for  wear  or  scoring.  If 
necessary,  press  out  bushings  and  install  new  bushings. 

AXLE  BRAKE  REASSEMBLY 

Refer  to  the  Front  or  Rear  Axle  Brake  illustration  for 
parts  identification. 

FRONT  AXLE  BRAKE 

Install  the  spring  and  retainer  assembly  (5),  cups  (4), 
pistons  (3),  boots  (2)  and  yoke  assemblies  (1)  on  the 
wheel  cylinder  (6).  Install  the  inlet  fitting  (10)  with  a 
bolt  (12)  and  gasket  (1 1).  Install  the  bleeder  screw  (8). 
If  anchor  pins  were  removed,  drive  the  pins  (20)  into 
the  brake  spider  and  cam  assembly  and  install  the  re- 
tainer ring  (17). 

Position  the  assembled  wheel  cylinder  on  the  spider  and 
cam  assembly;  secure  with  two  screws  (16). 

Position  the  guide  pin  spring  washers  (25)  and  guide 
pin  washers  on.  the  guide  pins  (19).  Position  the  brake 
shoe  assemblies  (29)  on  the  anchor  pins  and  guide  pins. 
Secure  the  guide  pins  with  one  guide  pin  washer  (30) 
and  guide  pin  "C"  washer  at  each  guide  pin.  Install  the 
anchor  pin  link  (27)  and  two  anchor  pin  "C"  washers 
(28). 

Use  brake  spring  pliers  to  install  the  brake  shoe  return 
spring  (26)  between  the  brake  shoes. 

^EAR  AXLE  BRAKE 

Install  the  spring  and  retainer  assembly  (5),  cups  (4), 
pistons  (3),  boots  (2),  and  yoke  assemblies  (1)  on  the 
wheel  cylinder  (6).  Install  the  inlet  fitting  (8)  with  a 
bolt  (10)  and  gasket  (9).  Install  the  bleeder  screw  (7). 
If  anchor  pins  were  removed,  drive  the  pins  (18)  into 
the  brake  spider  and  cam  assembly  and  install  the  re- 
tainer ring  (14) . 

Position  the  assembled  wheel  cylinder  on  the  spider  and 
cam  assembly;  secure  with  two  screws  (13). 

Position  the  guide  pin  spring  washers  (28)  on  the  guide 
pins  (16).  Position  the  brake  shoe  assemblies  (24)  on 
the  anchor  pins  and  guide  pins.  Secure  the  puide  pins 
with  one  spring  washer  (28)  and  guide  pin  "C"  washer 
(29)  at  each  guide  pin.  Install  the  anchor  pin  link  (25) 
and  two  anchor  pin  "C"  washers  (26). 

Use  brake  spring  pliers  to  install  the  brake  shoe  return 
spring  (23)  between  the  brake  shoes. 

DIFFERENTIAL  OVERHAUL 

The  differential  receives  rotational  force  from  the  trans- 
mission through  the  propeller  shafts,  reduces  the  rotat- 


DIFFERENTIAL  REMOVAL  AND 
DISASSEMBLY 

Refer  to  the  differential  group  illustration  for  parts 
identification. 

The  axle  shafts  that  drive  the  planetaries  engage  splines 
in  the  differential  side  gears;  these  axle  shafts  must  be 
removed  before  the  differential  and  carrier  can  be 
removed.  Refer  to  the  disassembly  instructions  in  the 
Axle  Planetary  Overhaul  Section  to  remove  the  axle 
shafts  from  axle.  Remove  the  drain  plug  from  the  axle 
housing  to  drain  the  differential  bowl.  Disconnect  the 
propeller  shafts  from  tile  companion  yoke  and  slinger 
(23)  of  the  differential. 

Remove  all  but  the  top  two  nuts  and  washers  that 
secure  the  differential  and  carrier  to  the  axle  housing. 
Loosen  the  top  two,  but  leave  them  on  the  studs  to 
prevent  the  differential  and  carrier  from  falling.  Use 
a  rawhide  mallet  to  break  the  carrier  loose  from  the 
axle  housing.  Remove  the  top  two  nuts  and  washers, 
and  install  puller  screws  in  the  threaded  holes  in  the 
carrier  flange.  Use  a  small  pinchbar  if  necessary  to 
straighten  the  carrier  in  the  housing  bore,  but  take  care 
not  to  damage  the  carrier  flange.  Use  a  roller  jack  to 
aid  in  removing  the  differential  and  carrier  assembly 
from  the  vehicle. 

Mount  the  differential  in  a  differential  stand.  If  initial 
inspection  indicates  replacement  of  the  drive  gear  and 
pinion,  check  and  record  the  drive  gear  backlash  for 
use  at  reassembly. 

Loosen  the  locknut  (8)  and  back  off  the  adjusting  screw 
(7)  on  the  front  axle.  Use  a1  center  punch  to  match  mark 
the  carrier  bearing  caps  (43  and  46)  to  the  differential 
carrier  so  that  they  can  be  properly  reassembled.  Cut 
the  lockwire  and  remove  the  bolts  (45)  and  washers 
(44)  that  secure  the  bearing  caps  to  the  carrier;  remove 
the  bearing  caps  and  adjusting  rings  (1  and  37).  Insert 
a  bar  through  the  differential  to  facilitate  handling  and 
lift  out  the  assembled  differential  and  drive  gear  assem- 
bly. Remove  the  adjusting  screw  (7)  and  thrust  block 
(6)  from  the  front  axle  carrier. 

Match-mark  the  differential  case  plain  half  (41)  to  the 
differential  case  flange  half  (5)  using  a  center  punch. 
Cut  lockwires  and  remove  the  bolts  (47) ;  and  nuts 
(40),  and  washers  from  the  front  axle]  that  secure  the 
case  halves  together.  Separate  the  case  halves  and  re- 
move the  thrust  washers  (35),  side  gears  (34),  and 
spider  assembly  from  the  case  halves.  Disassemble  the 
thrust  washers  (30)  and  gears  (32)  from  the  spider 
(33).  If  necessary  to  replace  differential  bearing  cones 
(3  and  36),  press  them  from  the  case  halves. 

Hold  the  companion  yoke  and  slinger  assembly  (23) 
with  a  suitable  tool  to  prevent  its  rotation.  Remove  the 
cotter  pin  (22),  and  remove  the  nut  (21)  and  washer 
(20)  that  secure  the  companion  yoke  to  the  drive  pinion. 
Use  a  puller  to  remove  the  yoke  from  the  pinion.  Do 
not  attempt  to  drive  the  yoke  from  the  pinion  as  this 
may  cause  misalignment. 
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FIGURE  TP90Q 


Item 

Part  No. 

Description 

No.  Req'd. 

Item 

Part  No. 

Description 

No.  Req'd. 

A 
B 

C 

D 

r 

i 

2 
iJ 
4 
5 

6 

7 
8 
9 

10 
10 
10 
11 
12 
13 

14 
15 

16 
17 
18 
19 
20 
21 

6600348 
6600340 

6600364 

6600074 
2042132 

.7006278 
2006290 
2006292 
2006232 

Differential  Carrier  Assy., 
Complete    (Front  Axle) 
Differential  Carrier  &  Cap 
Assy.    (Incl.  Items  9  & 
43  thru  46)   
Differential  Case  Assy. 
(Incl.  Items  5,40,  40A, 
41,47  &47A)    
Drive  Gear  &  Pinion  Assy. 
(Incl.  Items  28  &  42)    . 
Pinion  Forward  Bearing 
Coge  Assy.  find.  Items 
13,  14,  15,  25,26  &  27) 
Ring,  Adjusting 
Cup,  Bearing     
Cone,  Bearing    
Rivet     
Flange  Half,   Differential 
Case    (N.S.S.)     (Order 
Item  C)     
Block,  Thrust 
(Not  Applicable) 
Screw,_Adjusting   
Locknut       
Carrier,  Differential 
(N.S.S.)  (Order  Item  B) 
Shim,  Thin      
Shim,  Medium 
Shim,  .003 
Ring,  Retaining          
Bearing,  Rear 
Cone,  Bearing   (N.S.S.) 
(Order  Item  E) 
Spacer  (N.S.S.) 
(Order  Item  E)      
Cup,  Bearing   (N.S.S.) 
(Order  Item  E)     
Gasket 
Cover  &  Oil  Seal  Assy.  . 
Washer,  Lock    
Bolt      
Washer 

1 
1 

1 
1 

1 
1 
1 
1 

12 

1 

1 
1 

1 
AR 
AR 
AR 

1 
1 
1 

1 
1 
1 
8 
8 
1 
1 

22 
23 

24 
25 

26 
27 
28 

29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
40A 
41 

42 
43 

44 
45 
46 

47 
47A 

2006212 
2038389 

2006216 

Pin,  Cotter       
Companion  Yoke  &  Front 
Slinger  Assy.    (Rigid 
Axle)         
Seal,  Oil        
Cone,  Bearing  (N.S.S.) 
(Order  Item  E)    
Coge  (N.S.S.) 
(Order  Item  E) 
Cup,  Bearing  (N.S.S.) 
(Order  Item  E) 
Pinion,  Drive  (N.S.S.) 
(Order  Item  D)    
Ring,  Lock 
Washer,  Thrust 
Bushing   (N.S.S.) 
(Order  Item  32) 

1 

1 
1 

1 

1 
1 

1 
1 
4 

4 
4 
1 
2 
2 
1 
1 
2 
1 
12 
12 

1 
1 

1 

4 

4 

1 

8 
4 

2006297 
6600299 

6600341 
6600298 
2034401 
2006262 
2006292 
2006278 
6600704 
2006290 
6600033 
6600032 

Spider         
Gear,  Side 

Washer,  Thrust     
Cone,  Bearing 
Ring,  Adjusting         
Pin,  Cotter     
Cup,  Bearing     
Nut  (Incl.  in  Item  C)  
Washer  (Incl.  in  Item  C) 
Plain  Half,    Differential 
Case   (N.S.S.)     (Order 
Item  C) 
Gear,  Drive  (N.S.S.) 
(Order  Item  D)        
Cap,  Bearing  (N.S.S.) 
(Order  Item  B)      
Washer    (Incl.  in  Item  B) 
Bolt  (Incl.  in  Item  B) 
Cap,  Bearing  (N.S.S.) 
(Order  Item  B) 
Bolt,  Long  (Incl.  in  Item 
C)         
Bolt,  Short    (Incl.  in  Item 
C) 

6600652 
2006228 

2006310 
2034461 
2034163 
20062j4 
2006294 

6600432 
2034576 

2006312 
2034427 
2031393 
2034483 
2006220 
2006208 

6600366 
6600365 

Nut    

( N.S.S. )      Not  Serviced  Separately 
AR     As  Required 


REAR  AXLE  DIFFERENTIAL  GROUP 

FIGURE  TP900 


Item       Part  No. 


Description 


No.  Req'd. 


A        6600401       Differential  Carrier  Assy., 

Complete  (Rear  Axle)  .         1 

B  6600402  Differential  Carrier  &  Cap 
Assy.  (Incl.  Items  9,  43 
thru  46)  1 

C        6600418      Differential  Case  Assy. 

(Incl.  Items  5,  41,  47  & 
47A)     1 

D        6600416      Drive  Gear  &  Pinion  Assy. 

(Incl.  I  terns  28  &  42)  1 

E         6600403       Pinion  Forward  Bearing 

Cage  Assy.  (Incl.  Items 
13,14,  15,  25,26  &  27)         1 

1  6600427      Ring,  Adjusting    1 

2  6600436      Cup,  Bearing  (L.H.)  1 

3  6600426      Cone,  Bearing  (L.H.)  1 

4  6600437      Rivet  12 

5         Flange  Half,    Differential 

Case   (N.S.S.)     (Order 

Item  C)     1 

6        Block  Thrust 

(Not  Applicable) 

7        Screw,  Adjusting 

(Not  Applicable) 

8        Nut,  Lock  (Not  Applicable) 

9        Carrier,  Differential 

(N.S.S.)  (Order  Item  B)         1 

10        2016714      Shim,  Thin     AR 

10        2016712      Shim,  Medium  AR 

10  2016710      Shim,  .003  AR 

11  2034639       Ring,  Retaining  1 

12  6600409      Bearing,  Rear  1 

13        Cone,  Bearing  (N.S.S.) 

(Order  Item  E)  1 

14        Spacer  (N.S.S.)     (Order 

Item  E)      1 

15        Cup,  Bearing   (N.S.S.) 

(Order  Item  E)  I 

16  2016642      Gasket    1 

17  6600413      Cover  &  Oil  Seal  Assy.  1 

18        Washer,  Lock 

(Not  Applicable) 

(N.S.S.)     Not  Serviced  Separately 
AR     As  Required 


Item 

Part  No. 

Description                    No. 

19 

6600430 

Bolt 

20 

2034616 

Washer 

21 

6600475 

Nut 

22 

6600090 

Pin,  Cotter     

23 

6600414 

Companion  Yoke  &  Slinger 

Assy  

24 

2006216 

Seal,  Oil 

25 



Cone,  Bearing  (N.S.S.) 

(Order  Item  E)    

26 



Cage  (N.S.S.)  (Order  Item 

E)    

27 



Cup,  Bearing  (N.S.S.) 

(Order  Item  E)      

28 

Pinion,  Drive  (N.S.S.) 

(Order  Item  D) 

29 

2034640 

Ring,  Lock        

30 

6600428 

Washer,  Thrust 

31 

Bushing    (N.S.S.)     (Order 

Item  32)     

32 

6600419 

Gear          

33 

6600421 

Spider 

34 

6600420 

Gear,  Side 

35 

6600429 

Washer,  Thrust 

36 

6600425 

Cone,  Bearing  (R.H.) 

37 

6600427 

Ring,  Adjusting 

38 

6600704 

Pin,  Cotter 

39 

6600435 

Cup,  Bearing  (R.H.) 

40 

Nut  (Not  Applicable) 

40A 



Washer  (Not  Applicable) 

41 

Plain  Half,    Differential 

Case  (N.S.S.)     (Order 

Item  C) 

42 

Gear,  Drive  (N.S.S.) 

(Order  Item  D) 

43 



Cap,  Bearing  (N.S.S.) 

(Order  Item  B) 

44 

6600059 

Washer       

45 

2016864 

Bolt  (Incl.  in  Item  B) 

46 

Cap,  Bearing   (N.S.S.) 

(Order  Item  B) 

47 

6600439 

Bolt,  Long  (Incl.  in  ItemC) 

47A 

6600440 

Bolt,  Short  (Incl.  in  Item  C) 

VENT  INSTALLATION 


Item       Port  No. 


Description 


No.  Req'd. 


1  2068245  Hose,  Crank  Case  Vent .... 

2  2068246  Hose,  Crank  Case  Vent .... 

3  2054765  Clamp,  Hose    

4  2007026  Cable,  Water  Fording 

5  2053270  Bushing,  Reducer    

6  2035239  Elbow,  90°     

7  2067886  Hose,  to  Converter    

8  2067885  Hose,  to  Transmission    ... 

9  2033927  Adapter,  Straight    

10  2033636  Adapter,  Straight    

11  2049101  Breather,  Converter  & 

Transmission    2 

12  2067820  Mount,  Breather     1 

12A  2031475  Bolt    2 

12B  2031391  Washer,  Lock     2 

12C  2031617  Nut     2 

13  2033927  Adapter,  Straight    1 


Item       Part  No. 


Description 


14  2053263  Bushing,  Reducer 

15  2049101  Breather,  Fuel  Tank 

16  2016292  Breather     

17  2053376  Bushing,  Reducer 

18  2033927  Adapter,  Straight 

19  2016292  Breather 

20  2053376  Bushing,  Reducer 

21  2067888  Tube  Assy 

22  2031996  Elbow,  45°  Adapter 

23  2034486  Elbow,  90°  Adapter 

24  2053263  Bushing,  Reducer 

25  2036538  Elbow,  45°  Adapter 

26  2067891  Tube  Assy 

27  2053263  Bushing,  Reducer 

28  2036538  Elbow,  45°      

29  2067890  Tube  Assy.    

30  2068187  Hose,  to  Rear  Axle 


1 
1 
1 
1 
2 
1 
1 
1 


ress  the  oil  seal 


rrom  tne  cover. 


isert  puller  screws  into  the  threaded  holes  in  the  Hange 
•  the  bearing  cage  to  pull  the  cage  and  drive  pinion 
semibly  from  the  carrier.  Remove  and  wire  together 
.e  shims  (10)  removed,  from  t)he  carrier. 

AUTION:  Do  not  use  a  pinch  bar  to  pry  the  bearing 
cage  and  drive  pinion  from  the  carrier  as 
this  may  distort  the  shims.  Do  not  attempt 
to  drive  the  pinion  shaft  and  cage  from 
the  carrier  or  this  will  distort  the  retaining 
ring  groove  of  the  drive  pinion. 

ress  the  drive  pinion  from  the  bearing  cage.  Remove 
ic  outer  bearing  cone  (25)  from  the  bearing  cage. 
ress  the  bearing  cone  (13)  from  the  drive  pinion.  Re- 
love  the  lock  ring  (29)  and  retaining  ring  (11)  from 
le  drive  pinion  and  press  the  rear  bearing  (12)  from 
le  pinion. 

IOTE:  The  drive  pinion  forward  bearing  cage,  cup, 
cone,  and  spacer  assembly  are  sold  as  a  com- 
plete unit  to  insure  that  the  proper  preload  (5 
to  15  Ibs.  in.  torque)  is  obtained  when  reas- 
sembling. We  do  not  recommend  replacement 
of  individual  parts.  (Order  Item  E  in  parts 
listing.) 

>RIVE  GEAR  AND  PINION 

hould  it  be  necessary  to  replace  the  drive  gear  and 
inion  assembly,  order  Item  D  from  parts  listing. 

ING  GEAR 

emove  ring  gear  as  follows:  Carefully  center  punch 
vets  in  center  of  head.  Using  a  drill  1/32-inch  smaller 
lan  body  of  rivet,  drill  through  head  of  rivet.  Press 
ivets  from  ring  gear  and  case  half. 

IAUTION:   Do    not    attempt   to   pry   or   chisel    rivets 
from  ring  gear  or  case  half. 

UFFERENTIAL  CLEANING    AND 
NSPECTION 

!lean  parts  with  ground  and  polished  surfaces,  includ- 
ig  gears,  bearings,  shafts,  and  collars  with  a  suitable 
ilvent  such  as  kerosene  or  diesel  fuel. 

1ALJTION:  Do  not  clean  parts  with  gasoline.  Do  not 
use  a  hot  solution  tank  or  strongly  alka- 
line water  solutions  containing  sodium 
hydroxide,  orthosilicates,  or  phosphates 
to  clean  ground  and  polished  parts.  Do 
not  steam-clean  parts  after  they  have  been 
removed  from  the  axle  housing.  This  will 
cause  corrosion  of  close  tolerance  parts 
and  also  cause  rust  particles  to  beconve 
entrained  in  the  lubricating  oil. 

)ry  all  parts  immediately  after  cleaning,  using  soft, 
ntless  paper  towels  or  wiping  rags.  Prevent  lapping 
Dmpound,  metal  filings,  or  contaminated  oils  from  en- 


IMPORTANT:  Many  parts  are  sold  only  in  combina- 
tion with  other  parts  because  they  are 
matched  sets.  Do  not  attempt  to  re- 
place these  parts  singly. 

Carefully  inspect  all  bearing  cups  and  cones  for  wear, 
scoring,  pitting,  or  other  damage. 

Inspect  side  gears,  spider  gears,  and  the  drive  gears 
for  wear  and  damage.  Replace  gears  that  are  scored, 
pitted,  'ridged,  galled,  or  worn. 

Inspect  thrust  washers  for  pitted,  worn,  or  scored  thrust 
surfaces.  Always  replace  thrust  washers  in  sets.  Combi- 
nations of  new  and  used  thrust  washers  will  cause  pre- 
mature failure. 

Replace  lockwashers,  snap  rings,  oil  seals,  gaskets,  and 
similar  expendable  parts  at  each  overhaul. 

Remove  nicks,  mars,  and  burrs  from  machined  or 
ground  surfaces  with  a  fine  mill  file  or  India  stone. 
Make  sure  all  threaded  parts  are  clean  in  order  that  all 
parts  may  be  properly  adjusted  and  torqued.  Remove 
all  burrs  caused  by  lockwashers  to  assure  easy  reassem- 
bly of  parts. 

DIFFERENTIAL  REASSEMBLY  AND 

INSTALLATION 

Refer  to  the  differential  group  illustration  for  parts 
identification. 

If  any  of  the  individual  parts  of  the  pinion  forward 
bearing  cage  assembly  (13,  14,  15,  25,  26  or  27)  are 
damaged,  obtain  a  new  assembly. 

Remove  bearing  cone  (13)  from  assembly.  Press  bearing 
(13)  onto  drive  pinion  (28). 

Press  rear  bearing  (12)  onto  the  drive  pinion  (28); 
secure  the  rear  bearing  with  a  retaining  ring  (11)  and 
lock  ring  (29).  When  pressing  bearing  onto  the  shaft, 
use  a  suitable  driver  that  will  apply  force  only  against 
the  inner  race. 

Insert  the  drive  pinion  and  bearing  assembly  into  the 
bearing  cage  and  position  the  spacer  (14)  on  the  pinion 
shaft.  Press  the  bearing  cone  (25)  onto  the  pinion  shaft 
so  that  the  bearing  is  fully  seated  against  the  spacer. 
Rotate  the  cage  several  revolutions  to  assure  normal 
bearing  contact. 

With  the  bearing  still  under  press  pressure,  check  the 
bearing  preload  torque  by  wrapping  a  soft  wire  around 
the  bearing  cage  and  pull  off  in  a  straight  line  using  a 
pound  scale.  (See  Fig.  6).  The  rotating  torque  (not 
starting  torque)  must  be  between  5  and  1 5  Ib.  in.  De- 
termine the  torque  in  pound  inches  as  follows: 

Assuming  that  the  bearing  cage  has  a  diameter  of  6 
inches,  the  radius  is  then  3  inches.  If  the  pull  required 
to  maintain  rotation  of  the  bearing  cage  is  5  pounds, 
multiply  the  number  of  pounds  by  the  radius  to  get 
5  X  3  —  15  Ib.  in.  of  preload  torque. 


to  1 100  Ib.  ft.  torque  on  front  axle  and  700  to  900  Ib.  ft. 
on  rear  axle.  Recheck  to  see  that  rotating  torque  is  be- 
tween 5  and  15  Ib.  in. 


Fig.  109.     Measuring  Pinion  Bearing  Preload 

When  the  rotating  torque  is  correct,  remove  drive  pinion 
assembly  and  install  the  shims  (10)  between  the  carrier 
and  bearing  cage.  With  suitable  puller,  remove  com- 
panion yoke  (23)  from  pinion  (28).  Press  a  new  oil  seal 
(24)  into  the  oil  seal  cover  (17)  and  install  the  oil  seal 
and  cover  assembly  and  gasket  (16)  on  the  bearing  cage 
so  that  all  holes  are  properly  aligned  with  the  mounting 
holes  on  the  carrier.  Secure  with  bolts  (19),  and  lock- 
washers  (18)  on  the  rear  axle].  Torque  bolts  to  81  to 
104  Ib.  ft. 

Reinstall  the  companion  yoke,  securing  it  with  a  washer 
(20)  and  nut  (21).  Torque  to  800  to  1100  Ib.  ft.  on 
front  axle  and  700  to  900  Ib.  ft.  on  rear  axle. 

REASSEMBLY  OF  DRIVE  GEAR 
AND  CASE  HALF 

Rivet  drive  gear  to  case  half  with  new  rivets.  Rivets 
should  NOT  be  heated.  When  the  correct  rivet  is  used, 
the  head  being  formed  by  pressing  will  be  at  least 
!/8-inch  larger  in  diameter  than  the  rivet  hole.  The 
head,  pressed,  will  then  be  approximately  the  same 
height  as  the  preformed  head. 

Correct  tonnage  pressure  required  to  squeeze  rivets 
is  45. 

Lubricate  the  inner  walls  of  the  differential  cases  (5  and 
41)  and  all  differential  parts  with  axle  lubricant.  Posi- 
tion the  thrust  washer  (35)  and  side  gear  (34)  in  the 
flanged  case  half.  Install  the  gear  (32)  and  thrust 
washers  (30)  on  the  spider  and  position  the  spider 
assembly  on  the  side  gear  in  the  case  half.  Install  the 
other  side  gear  and  thrust  washer  on  the  spider  assem- 
bly and  install  the  plain  case  half  (41),  being  sure  to 
align  matchmarks.  Secure  case  halves  together  with 
four  bolts  (47),  [and  nuts  (40)  and  lockwashers,  evenly 
spaced  on  the  front  axle].  Check  for  free  rotation  of 
the  differential  gears  and  correct  any  binding.  After 
free  rotation  is  assured,  install  the  remaining  bolts  (47) 
[and  nuts  (40)  and  lockwashers,  on  the  front  axle  |  and 
tighten  to  185  to  235  Ib.  ft.  torque. 


bores.  It  must  be  a  hand-push  fit.  If  it  is  not,  rework  i 
bores  with  a  scraper  or  with  emery  cloth  until  a  hai 
press  fit  is  attained.  Use  a  blued  bearing  cup  to  ch< 
the  fit  as  the  work  progresses.  When  correct  fit  is 
tained  remove  the  bearing  caps  and  related  parts. 

Coat  the  differential  bearing  cups  and  cones  with  n 
axle  lubricant.  Position  the  bearing  cups  on  the  bean 
cones  and  position  the  differential  assembly  on  i 
differential  carrier.  Install  the  bearing  adjusting  rii 
(1  and  37)  and  hand-tighten  them  against  the  beari 
cups.  Install  the  bearing  caps  (43  and  46).  Tap  ligh 
into  position,  being  certain  the  matchmarks  are  align. 
Take  care  to  prevent  cross-threading  of  adjustment  HL 
Secure  bearing  caps  with  bolts  and  flat-washers.  Torq 
bolts  to  470  to  595  Ib.  ft.  on  front  axle  and  160  to  2 
Ib.  ft.  on  rear  axle. 


Fig.  110.     Differential  Tooth  Contact  Pattern 

Mount  a  dial  indicator  to  check  the  back  face  of  t 
drive  gear  (42).  Loosen  the  bearing  adjusting  ring  (3 
opposite  the  drive  gear  until  the  dial  indicator  indica 
some  end  play.  Tighten  the  same  nut  just  enough 
that  the  dial  indicator  indicates  no  end  play.  Rotate  t 
differential  to  check  the  back  of  the  drive  gear  for  ru 
out.  If  runout  exceeds  .008  inch,  remove  the  different 
and  check  for  cause  of  the  excessive  runout.  Tight 
the  adjusting  nut  one  notch  to  preload  the  different 
bearings. 

Install  a  dial  indicator  to  check  backlash  of  the  dri 
gear.  If  the  old  drive  gear  and  pinion  are  being  us< 
adjust  the  backlash  to  the  amount  noted  before  d 
assembly.  If  a  new  gear  set  is  used,  adjust  the  backla 
to  .010-inch.  Backlash  is  adjusted  by  backing  off  o 
adjusting  ring  and  advancing  the  opposite  ring  t 
same  amount. 

When  proper  backlash  is  adjusted,  apply  oiled  red  le 
to  approximately  twelve  teeth  of  the  drive  gear  (4 
with  a  paint  brush.  Rotate  the  pinion  to  squeeze  the  r 
lead  from  the  teeth  in  the  tooth  contact  areas,  leavi 
bare  the  exact  size,  shape,  and  location  of  the  conta 
Apply  a  small  amount  of  resistance  to  the  rotation 
the  gear  using  a  flat  steel  bar  and  rotate  the  pinion  \v: 
a  wrench  to  obtain  a  sharper  tooth  contact  impressic 
Refer  to  the  tooth  contact  illustration  in  Figs.  1 10  8C  1 
for  a  proper  tooth  contact  pattern  and  for  adjustmei 
required  to  correct  an  improper  tooth  contact  pattei 


/  high  contact  indicates  pinion  is  too  far  out.  Set 
the  pinion  to  the  correct  depth  by  removing  shims 
under  the  pinion  cage.  Slight  outward  movement  of 
hypoid  gear  may  be  necessary  to  maintain  correct 
backlash. 


A  low  contact  indicates  pinion  is  too  deep.  Set  the 
pinion  to  the  correct  depth  by  adding  shims  under  the 
pinion  cage.  Slight  inward  movement  of  the  hyooid 
gear  may  be  necessary  to  maintain  correct  backlash. 


I 


Fig.  111.     Differential  Tooth  Contact  Adjustments 


fter  obtaining   a  satisfactory  tooth  contact,  especially 

relation    to   the   top   and    bottom   of   the   tooth,   the 

iclclash  can  be  altered  within  limits  of  .005  to  .015  inch 

obtain  better  tooth  contact  along  the  length  of  the 

oth.    A   high   backlash   setting  will   keep    the   contact 

om  starting  too  close  to  the  toe.  A  low  backlash  set- 

ng  will  keep  contact  from,  starting  too  far  away  from 

ie  toe.  Establish  the  proper  backlash  by  adjusting  the 

)sitions  of  the  adjusting  rings.  After  proper  adjust- 

ent,  install  the  cotter  pins  to  lock  the  adjusting  rings 

the  required  positions. 

emove  the  differential  and  carrier  assembly  from  the 
and,  and  position  it  on  a  bench  with  the  back  face  of 
ie  drive  gear  (42)  up.  Remove  the  adjusting  screw  (7) 
id  locknut  (8)  from  the  rear  axle.  Place  the  thrust 
oclc  (6)  from  the  rear  axle  on  the  rear  face  of  the 
rive  gear  and  rotate  the  drive  gear  until  the  hole  in 
ie  thrust  block  is  aligned  with  the  adjusting  screw 
ale.  Install  the  adjusting  screw  and  locknut  and  tighten 


the  adjusting  screw  until  the  thrust  block  is  firmly 
against  the  back  face  of  the  drive  gear;  then  loosen  the 
adjusting  screw  one-fourth  turn  and  lock  securely  with 
the  locknut  (8).  This  should  provide  .010  to  .015  inch 
between  the  thrust  block  and  drive  gear.  Recheck  to 
assure  that  there  is  full  .010  inch  clearance  between  the 
block  and  gear  during  the  full  revolution  of  the  bevel 
gear. 

To  lubricate  the  differential,  fill  the  axle  housing  to  the 
level  specified  in  the  lubrication  chart.  Be  sure  the 
universal  joint  is  also  properly  lubricated.  Jack  up  both 
rear  wheels.  With  the  transmission  shifted  in  high 
range,  run  the  vehicle  at  moderate  speed  for  5  minutes 
to  assure  satisfactory  lubrication  of  all  differential  and 
carrier  parts.  Never  operate  the  unit  with  only  one 
wheel  jacked  up;  this  causes  all  torque  to  be  transferred 
to  that  wheel  and  results  in  overheating  of  the  differen- 
tial spider  and  galling  and  shearing  of  the  spider  pins. 


markings  on  theit  'heads. 


GRADE  5  BOLT  CARBON 
STEEL  HEAT  TREATED 


GRADE  8  BOLT  ALLOY 
STEEL  HEAT  TREATED 


BOLT  TORQUE 


THREAD 
SIZE 

HEX 
SIZE 

TORQUE  (Lbs.-Ft.) 
SAE  GRADE  5 

TORQUE  (Lbs.-Ft.) 
SAE  GRADE  8 

Bolt  &  Nut 

Dry 

Oiled 

Dry 

Oiled 

1/4-20 

7/16 

5 

4 

9 

7 

1/4-28 

7/16 

6 

5 

12 

9 

5/16-18 

1/2 

10 

7 

20 

15 

5/16-24 

1/2 

13 

10 

25 

19 

3/8-16 

9/16 

18 

13 

36 

27 

3/8-24 

9/16 

24 

18 

47 

35 

7/16-14 

5/8  Bt  11/16 

33 

25 

59 

44 

7/16-20 

5/8  Si  11/16 

37 

28 

74 

55 

1/2-13 

3/4 

47 

35 

91 

68 

1/2-20 

3/4 

60 

45 

117 

88 

9/16-12 

13/16  &  7/8 

68 

51 

132 

100 

9/16-8 

13/16  &  7/8 

86 

65 

166 

125 

5/8-11 

15/16 

95 

71 

181 

136 

5/8-18 

15/16 

124 

93 

240 

180 

3/4-10 

1-1/8 

175 

131 

340 

255 

3/4-16 

1-1/8 

218 

163 

424 

318 

3/4-16  WHEEL  MOUNTING  TORQUE         w 

500 

7/8-9 

1-5/16 

286 

214 

555 

415 

7/8-14 

1-5/16 

344 

258 

679 

510 

l"-8 

1-1/2 

428 

320 

836 

626 

I'M  4 

1-1/2 

545 

410 

1058 

790 

1-1/8-7 

1-11/16 

605 

455 

1175 

880 

1-1/8-12 

1-11/16 

768 

575 

1494 

1120 

1-1/4-7 

1-7/8 

878 

660 

1705 

1280 

1-1/4-12 

1-7/8 

1080 

810 

2115 

1580 

1-3/8-6 

2-1/16 

1265 

950 

2455 

1840 

1-3/8-12 

2-1/16 

1635 

1230 

3180 

2380 

1-1/2-6 

2-1/4 

1551 

1130 

3011 

2260 

1-1/2-12 

2-1/4 

1972 

1480 

3830 

2870 

Use  Grade  5  Torques  on  ordinary  fasteners.     Use  oiled  column 

when  white  lead  is  used.    Use  Grade  8  Torques  for  propeller  shaft  bolts. 


TP104B 


FORK  LIFT  ATTACHMENT 


Item 

Part  No. 

Description 

No.  Req'd. 

I 
1 
1A 
IB 

2 

2067547 
2067546 
2037288 
206S581 
2067553 

Lock  Assy.,  L.H. 
Lock  Assy.,  R.H.  (N.I.) 
Pin,  Cotter 
Washer,  Flat  
Fork  Assy  

1 
1 
2 
2 
1 

3 

4 

4A 
4B 
4C 

2067516 
2064550 

2031578 
2031396 
2031622 

Carriage  Assy.,  Fork   
Bar,  Tie  Down  (Carriage 
to  Main  Frame)    (N.I.) 
Bolt  (N.I.) 
Washer,  Lock  (N.I.) 
Nut  (N.I.) 

1 

1 
2 
2 
2 

(N.I.)     Not  Illustrated 


(This  is  a  blank  page.] 
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TP1070 


OVERHEAD  GUARD  ASSEMBLY 


Item        Port  No. 


Description 


No.  Req'd. 


1 

1A 
2 
2A 

2031517 
2031393 
2031517 
2031393 

Bolt,  Hand  Rail  to  Frame 
Washer,  Lock    
Bolt,  Clamp  to  Frame 
Washer,  Lock 

1 
1 
12 
12 

3 
4 
5 
5A 
6 

7 
7A 

2067805 
2068315 
2031520 
2067435 
2067759 

2031475 
2032960 

Clamp,  Guard  to  Frame 
Arm,  Support    
Bolt 
Nut,  Locking    
Guard  Assy.,  Overhead 
(Incl.  Items  4  &  5) 
Bolt,  Tool  Box  to  Mount 
Bracket           
Washer,  Flat     

6 
2 
2 
2 

1 

4 
8 

7B 
7C 
8 
8A 
SB 

8C 
8D 

8E 
8F 

2031391 
2031617 
2041624 
2030337 
2015362 

2060445 
2030340 

2030341 
2030342 

Washer,  Lock 

Nut  ;.. 

Box,  Tool       
Wrench,  Spanner,  Hook 
Type   
Wrench,  Spanner,  Hook 
Type      
Wrench,  Spanner,  Hook 
Type    
Wrench  Assy.,  Wheel 
Socket 
Handle 

4 
4 
1 

1 
1 

8G 
8H 
81 

2053113 
2062739 
2039106 

Wrench,  Main  Filter 
Gun,  Grease      
Wrench,  Wheel  Bearing 
Nut 

8J 

2067838 

Gauge,  Tire 

9 
9A 
10 
11 

11A 

2031517 
2031393 
2067804 
2067748 

2031426 

Bolt,  Bracket  to  Hyd.  Tank 
Washer,  Lock 
Bracket  Assy.,  Mount  
Cover,  Battery  Box  (Incl. 
Items  11A,  11B  &  11C) 
Bolt,  Cover  to  Hinge 

4 
4 
1 

1 
4 

11B 
11C 

2031389 
2031615 

Washer,  Lock 

Nut  ;..;;; 

4 
4 

12 
12A 

2064485 
2032959 

Retainer,  Battery 
Washer,  Flat 

1 
4 

12B 
12C 
13 
14 

14A 
15 
ISA 

16 

2031390 
2031370 
2044426 
2031517 

2031393 
2067747 
2067654 

2033271 

Washer,  Lock 
Nut      """ 
Grornmet 
Bolt,  Battery  Box  to 
Hydraulic  Tank 
Washer,  Lock 
Plate  Assy.     
Box  Assy.,  Battery  (Incl. 
Items  11  thru  11C) 
Fastener,  Hood 

4 
4 
2 

6 
6 
1 

1 
2 

16A 
17 

2054860 
2067983 

Screw,  Drive 
Ladder  Assy. 

6 
1 

18 

18A 
18B 

2031519 

2031393 
2031619 

Bolt,  Hand  Rail  to  Tank  & 
Step  to  Frame       
Washer,  Lock 

Nut                     ; 

2 
2 
2 
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SHEET  METAL  GROUP 


Item       Part  No. 


Description 


No.  Req'd. 


1  2058660  Shield,  Hydraulic  Heat  1 

2  2031473  Bolt     ..................................  6 

2A  2031391  Washer,  Lock    ..................  6 

2B  2032960  Washer,  Flat   ....................  6 

3  2031472  Screw,  Cap    ......................  7 

3A  2036816  Washer,  Flat   ....................  7 

4  6951723  Shell  &  Slide  Assy  ...........  1 

5  6951721  Rest  Assy.,  Back    ..............  1 

6  6951722  Cushion  Assy.,  Seat  ..........  1 

7  2046363  Support  Assy.,  Seat  1 

8  2031475  Bolt  ....................................  2 

8A  2031477  Bolt  ....................................  2 

8B  2032960  Washer,  Flat  4 

8C  2031391  Washer,  Lock    ..................  4 

9  2031370  Nut     ..................................  4 

9A  2031390  Washer,  Lock    ..................  4 

10  2058971  Floorplate  Assy.,  Front   ....  1 

11  2040935  Fastener,  Wing  Type  ......  4 

11A  2040936  Washer,  Retainer     ..........  4 

12  2049130  Plate,  Inspection,  front 

Shroud  &  Hyd.  Tank  4 

12A  2031450  Bolt,  Plate  to  Hydraulic 

Tank  (N.I.)      ...............  4 

12C  2031390  Nut  (N.I.)  .......................  4 

13  2067736  Shroud  Assy.,  Front   ..........  1 

14  2031474  Bolt     ..................................  3 

14A  2031391  Washer,  Lock     .................  3 

14B  2032960  Washer,  Flat    ....................  3 

15  2044426  Grommet,  Rubber     ...........  2 

16  2031477  Bolt     ..................................  4 

16A  2032960  Washer,  Flat   ....................  4 

16B  2031391  Washer,  Lock    ..................  4 

16C  2031616  Nut      .............................  4 

17  2031485  Bolt,  Pedal  Stop  ................  1 

17A  2031391  Washer,  Lock    ..................  1 

17B  2031617  Nut  ....................................  2 

18  2031475  Bolt     ..................................  11 


Item        Part  No. 


Description 


18A 

18B 

19 

20 

20A 

20B 

21 

21 A 

22 

22A 

22B 

23 

24 

25 

25A 

25B 

26 

27 

28 

28A 

28B 

28C 

29 

30 

30A 

30B 

30C 

31 

32 

33 

34 

35 

36 

36A 

37 


2031391 
2032960 
2067785 
2031515 
2031393 
2032962 
2067893 
2067894 
2031473 
2031391 
2032960 
2065314 
206531(5 
2062539 
203681 1 
2031757 
2064185 
2065318 
2031520 
2031393 
2032962 
2031619 
2067929 
2031473 
2031391 
2032960 
2031617 
2067396 
2065319 
2065317 
2068267 
2067397 
2031616 
2032959 
2031452 


37 A      2031390 


Washer,  Lock 
Washer,  Flat 
Floorplate 
Bolt 

Washer,  Lock     

Washer,  Lock 
Panel,  R.H.  Side 
Panel,  L.H.  Side  (N.I.) 

Bolt     

Washer,  Lock 

Washer,  Flat   

Panel,  Side,  R.H.  Front 
Panel,  Side,  R.H.  Center 
Pin 
Washer 

Pin,  Cotter      

Latch    

Panel,  Side,  R.H.  Rear 
Bolt 

Washer,  Lock 
Washer,  Flat 

Nut  (N.I.)      

Cowl  Assy.,  Retii' 

Bolt,  Hood  to  h  •     .„..•:? 

Washer,  Lock 

Washer,  Flat 

Nut 

Hood  Assy.     

Panel,  Side,  L.H.  Rear     . 
Panel,  Side,  L.H.  Center 
Panel,  Side,  L.H.  Front 

Mount,  Shock  

Nut  

Washer,  Flat     

Bolt,  Shock.  Mount  to 

Hydraulic  Tank     

Washer,  Lock 


(N.I.)      Not  Illustrated 
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FRAME 


Item       Part  No. 


Description 


No.  Req'd. 


1 

2049330 

Support  Assy.,  Engine  Rear 

2 

2 

2030896 

Bolt,  Support  to  Frame    ... 

4 

2A 

2032965 

Washer,  Flat     

4 

2B 

20589% 

Nut     

4 

3 

2037660 

Bolt,  Engine  to  Support  .... 

8 

3A 

2031393 

Washer,  Lock      

8 

4 

2060026 

Bracket  Assy., 

Transmission    

2 

5 

2031579 

Bolt,  Bracket  to  Frame 

4 

5A 

2032965 

Washer,  Flat     

4 

5B 

2067438 

Nut 

4 

6 

2031577 

Bolt,  Transmission   to 

Bracket     

8 

6A 

2031396 

Washer,  Lock    

8 

7 

206781  1 

Frame  Assy.,  Rear    

1 

8 

2067874 

Frame  Assy.,  Front     

1 

9 

2041619 

Bolt,  Axle  to  Frame  

8 

9A 

2034195 

Pin,  Dowel  (N.I.)     

2 

9B 

2031380 

Nut     

16 

10 

2031579 

Bolt     

4 

10A 

2031396 

Washer,  Lock          

4 

10B 

2031622 

Nut                  

4 

11 

2060762. 

Bar,  Tie  Down     

2 

12 

2033249 

Fitting,  Grease,  90°  

2 

(N.I.)     Not  Illustrated 
(AR)     As  Required 


Item 

Part  No. 

Description 

No.  Req 

13 

2031416 

Bolt 

2 

13A 

2031395 

Washer,  Lock 

2 

13B 

2031619 

Nut        

2 

14 

2061799 

Pin 

2 

15 

2061806 

Bushing 

2 

16 

2067927 

Axle  Carrier  Assy. 

1 

16A 

2044345 

Spacer  (Thick)   (N.I.) 

AR 

16B 

2044346 

Spacer  (Thin)  (N.I.)    . 

AR 

16C 

2034012 

Pin,  Dowel  (N.I.) 

2 

17 

2032463 

Bolt             

8 

17A 

2031378 

Nut         

16 

18 

2068180 

Bolt 

4 

ISA 

2032967 

Washer,  Flat  (N.I.) 

4 

18B 

2031398 

Washer,  Lock 

4 

18C 

203)624 

Nut       

4 

19 

2067948 

Counteweight    

1 

20 

2067946 

Counterweight,  R.H. 

1 

20A 

2067947 

Counterweight,  LH.  (N.I. 

)        1 

21 

2068182 

Bolt     

4 

21  A 

2031400 

Washer,  Lock 

4 

21  B 

2031626 

Nut 

4 

22 

2067883 

Pin,  Drawbar  (N.I.)    

1 

22A 

2067881 

Clip,  Hitch  Pin  N.I.) 

1 

o        ••- 
w        n 


ENGINE  AND  RELATED  PARTS 


Item        Part  No. 


Description 


No.  Req'd. 


1 

2031517 

Bolt     

2 

1A 

2031393 

Washer,  Lock    

2 

2 

2064208 

Brace  Assy.,  Radiator  

2 

3 

2065134 

Radiator     

1 

4 

2039670 

Shroud,  Fan    

1 

4A 

2031427 

Bolt 

8 

46 

2031389 

Washer,  Lock 

8 

4C 

2032958 

Washer,  Flat   

8 

5 

2033038 

Bushing,  Reducer    

1 

6 

2055049 

Cap,  Filler      

1 

7 

2031895 

Elbow,  45°      

1 

8 

2049889 

Shockmount      

2 

8A 

2041570 

Washer,  Flat      

2 

SB 

2031393 

Washer,  Lock     

2 

8C 

2031373 

Nut     

2 

9 

2057571 

Hose   

1 

10 

2003766 

Hose,  Upper 

1 

11 

2032040 

Clamp            

2 

12 

2032296 

Elbow,  90°    

1 

13 

2036543 

Elbow,  45° 

1 

14 

2046560 

Hose     

1 

15 

2037701 

Bolt 

2 

15A 

2031395 

Washer,  Lock    

2 

16 

2031996 

Elbow,  Adapter,  45° 

1 

17 

2067794 

Engine  Assy.      

1 

17A 

2068289 

Starter  (Furnished  with 

Engine)    (N.I.)    

1 

17B 

2068290 

Generator   (Furnished  with 

Engine)     (N.I.)    

1 

17C 

2068291 

Regulator  (Furnished  with 

Engine)    (N.I.)     

1 

17D 

2059714 

Fan    (Furnished   with 

Engine)    (N.I.)    

1 

17E 

2059715 

Trunnion  Mount,  Front 

(Furnished  with  Engine) 

(N.I.)       

1 

17F 

2059716 

Belts,  Drive   (Furnished 

with  Engine)      (N.I.) 

(Matched  Set  of  2) 

1 

18 

2039266 

Gear  Assy.,  Ring 

1 

19 

2039267 

Bolt     

8 

19A 

2039268 

Washer        

8 

20 

.  . 

Converter,  Torque 

(See  Sep.  Illus.) 

20A 

2067859 

Gasket  (N.I.)         

1 

21 

2031477 

Bolt 

12 

21A 

2031391 

Washer,  Lock 

12 

Item 

Part  No. 

Description                    No, 

22 

2032221 

Bolt,  Support  to  Frame   ... 

22A 

2032964 

Washer,  Flat    

22B 

2067428 

Nut,  Self  Locking    

23 

2037660 

Bolt,  Support  to  Engine 

23A 

2031393 

Washer,  Lock 

24 

2049330 

Support  Assy.,  Engine 

(Rear)      

25 

2049707 

Elbow,  45° 

26 

Gauge,  Oil  Pressure  (See 

Instrument  Panel  Illus.) 

27 

2051701 

Connector,  Female     "  

28 

2062413 

Tube      

29 

Refiner,  Oil  (Furnished 

with  Engine)        

29A 

2031452 

Bolt 

29B 

2031390 

Washer,  Lock 

29C 

2031616 

Nut      

30 

2068227 

Belt,  Generator   

31 

2059716 

Belt,  Fan   (Matched  Set 

of  2)       

32 

2067378 

Plate,  Mount             

32A 

2031517 

Bolt         

32B 

2031393 

Washer,  Lock 

32C 

2032962 

Washer,  Flat   

33 

2032010 

Elbow,  90°      

34 

2038050 

Hose,  Filter  to  Oil  Refiner 

35 

2049661 

Hose,  Refiner  to  Engine    . 

36 

2031988 

Connector,  Straight    

37 

2056826 

Mount  Assy.,   Engine, 

Front      

37A 

2037699 

Bolt               

37  B 

2032964 

Washer,  Flat   

37C 

2067437 

Nut,  Self  Locking  

38 

2040077 

Hose 

39 

2032041 

Clamp             .         

40 

2040076 

Tube                 

41 

2031424 

Hose              

42 

2033256 

Cock,  Drain    

43 

2045875 

Bar  Assy.,  Radiator     

44 

2067435 

Nut 

44A 

2032962 

Washer,  Flat   

45 

2049889 

Shockmount     

45A 

2041570 

Washer,  Flat   

45B 

2067435 

Nut,  Grip       

46 

2022412 

Filter  Element,  Fuel  (N.I.) 

47 

202241  3 

Filter  Element,  Oil    (N.I.) 

(N.I.)     Not  Illustrated 
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FUEL  TANK,  LINES  AND  ACCELERATOR  LINKAGE 


Item 

Part  No. 

Description                    No.  Req'd. 

Item 

Part  No. 

Description 

No.  Req'< 

1 
1A 
IB 
2 
3 
4 
4A 
4B 
4C 
5 
6 
6A 
6B 
6C 
7 
8 
9 
10 
11 
11A 
12 

2032762 
2031390 
2031616 
2033514 
2059817 
2049610 
2031429 
2031389 
2031615 
2031951 
2059818 
2031431 
2031389 
2031615 
2036543 
2031968 
2031758 
2049926 
2063857 
2035542 
2067858 

Joint,   Ball            ; 

I 
I 
i 
I 

: 

[ 
I 

13 
13A 

13B 
14 
15 
16 
17 
18 
19 
20 
21 
21A 
22 
22A 

22B 
22C 
23 
24 

2067855 
2031517 

2031393 
2062206 
2033388 
2033386 
2036256 
2002966 
203201  1 
2068264 
2031916 
2031960 
2049550 
2031479 

2031391 
2031617 
2068263 
2068281 

Tank,  Fuel  Assy  
Bolt,  Tank  to  Frame 

(N.I.)   
Washer,  Lock  (N.I.)    ... 
Plug,  Clean  Out    
Plug,  Drain               

1 

10 
10 
1 
1 
1 
1 
1 

Washer,  Lock          I 

Nut                       ; 

Nut,  Jam              't 

Rod,  Throttle         ...      . 

Clip,  Return  Spring  .  .  .. 

Bolt  (N.I.) 

Plug,  Tank  Coupling 
Nipple,  Pipe 

Washer,  Lock  (N.I.)     
Nut  (N.I.) 

Valve,  Shut  Off 

Sprinq                    ..    .  . 

Elbow,  90° 

1 

Link           

Hose 

1 

Bolt     

Elbow,  90°      
"0"  Ring 

2 
2 

Washer,  Lock      
Nut 

Filter,  Fuel 

1 

Elbow,  Adapter,  45° 

Bolt,  Filter  to  Mount 
Angle  (N.I.)     

3 

Pin                                

Pin,  Cotter                   ..     .. 

Wosher,  Lock  (N.I.)     . 
Nut  (N.I.)     
Hose 

3 
3 
1 

Pedal  Assy.,  Accelerator 
Gauge,  Fuel     
Washer,  Lock                     .         ' 

Hose       

1 

COD.  Filler         

(N.I.)     Not  Illustrated 


234 


20    19      18  17    16     15  14    1312 


TF1064 


INSTRUMENT  PANEL  ASSEMBLY 


Port  No. 


Description 


No.  Req'd. 


Item        Port  No. 


Description 


No.  Req'd. 


2068364 


2068322 


2033929 
2033272 

2033345 
2032959 
2031390 
2031616 
2048525 
2032693 

]A   2065479 

I  2059340 
I A  2065478 
I B  2039440 


Identification   Tag    Kit 
(Incl.   Items  10A,   11  A, 
12A,  13A,  14A,  ISA, 
16A,  17A,  18A,  19A  & 

20A)    1 

Panel,  Instrument     1 

Shield,  Dash  Lamp  (N.S.S.) 

(Order  Item  4)   2 

Bulb    2 

Dash  Lamp  Assy.   (Incl. 

Items  2  &  3)     2 

Screw,  Sheet  Metal    4 

Washer,  Flat    6 

Washer,  Lock    6 

Nut    6 

Shock  Mount  3 

Gauge,  Torque  Converter 

Temp 1 

Tag,  Torque  Converter 

Temperature       1 

Gauge,  Clutch  Pressure  1 

Tag,  Clutch  Pressure  1 

Nipple,  Pipe  (N.I.)  1 


.1.)     Not  Illustrated 


11C 

2032283 

Elbow,  45°  (N.I.) 

12 

2048492 

Switch     

12A 

2068363 

Tag,  O.H.G.  Light  Switch 

13 

2052459 

Switch,  Light     

13A 

2065482 

Tag,  Light  Switch 

14 

2034222 

Gauge,  Air  Pressure  . 

14A 

2065477 

Tag,  Air  Pessure 

15 

2062644 

Switch,  Ignition 

15A 

2065483 

Tag,  Ignition  Switch 

16 

2044055 

Hourmeter      

16A 

2065474 

Tag,  Hourmeter    

17 

2042896 

Button,  Push,  Starting 

Switch      

17A 

2065475 

Tag,  Starter 

18 

2032694 

Gouge,  Water 

Temperature     

ISA 

2065473 

Tog,   Water  Temperature 

19 

2032690 

Gauge,  Engine  Oil 

Pressure        

19A 

2065472 

Tag,  Engine  Oil  Pressure 

20 

2057866 

Ammeter    

20A 

2065471 

Tag,  Ammeter         

( N.S.S.)     Not  Seviced  Separately 


i 

1A 

2 

3 


HEAD  LIGHT 


(Two  Lights  Used  Per  Machine; 
Quantity  Shown  Is  For  One) . 


Item       Part  No. 


Description 


No.  Req'd. 


2048130      Lamp  Assy.,  Front  (Incl. 
Items  1-3)     

6951 120  Frame  ( Incl.  Wire  &  Rivet) 

6951121  Screw 
6950508      Retainer 
2051982      Lamp 


TAIL  LIGHT  AND 
REAR  WORK  LIGHT 


Item 

Part  No. 

Description 

No.  Req'd. 

A 
B 

1 
1A 
2 
3 
4 

2060809 
2048130 

6951120 
6951121 
6950508 
6951356 
2051892 

Light  Assy.,  Stop  &  Tail 
(Incl.  Items  1,  2  &  3) 
Rear  Work  Light  (Incl. 
Items  1,2&4) 
Frame         
Screw    
Retainer 
Lamp  (Red) 
Lamp  (Clear)     

2 

2 
4 
12 
4 
2 
2 

OVERHEAD  LAMP 


(Two  Lights  Used  Per  Machine; 
Quantity  Shown  Is  For  One). 


Item 

Part  No. 

Description                   No.  Req'd. 

A 

1 
2 
3 
4 
5 
6 

2060810 

6950845 
6950508 
2051982 
2032982 
6950847 
6950846 

Overhead  Assy.  (  Incl. 
Items  1-5) 
Shell  Assy. 
Retainer 
Lamp 
Nut 
Washer 
Bushing,  Pivot 

TF10 


« 


•  IP™        •— 

f~- 'T  If 
,11 1         1 — 1 


eo    s.     »d      m 

CO       O      fJ       CO        CO 


BATTERY  AND  WIRING 


Item 

Port  No. 

Description                   No.  Req'd. 

1 

2062189 

Wire,  Terminal  Block  to 

Rear  Work  Light                    1 

2 

2055212 

Block,  Terminal                         1 

2A 

2031427 

Bolt  (N.I.)                                2 

2B 

2031389 

Washer,  Lock  (N.I.)                 2 

2C 

2031615 

Nut  (N.I.)     2 

20 

2031866 

Washer,  Lock  (N.I.)    5 

2E 

2031860 

Nut  (N.I.)                               5 

3 

2068254 

Harness  Assy.,  Main 

Wiring    

3A 

2068241 

Plug  Assy.  (N.I.) 

3B 

2068307 

Adapter  (N.I.)    

3C 

2068308 

Clamp  (N.I.) 

4 

2059994 

Cable,  Battery  to  Starter 

5 

2057921 

Wire,  Horn  Relay  to  Horn 

6 

2033502 

Switch,  Safety           .  .    . 

7 

2059995 

Wire,  Battery  to  Horn 

Relay 

8 

2057813 

Cable,  Battery  to  Ground 

9 

2033412 

Cable,  Battery  Jumper 

10 

2049362 

Battery,  12  Volt,  100  Amp 

Hr. 

I 

11 

2046238 

Switch,  Stop  Light    

12 

2057942 

Wire,  Horn   Relay  to 

Column      

i2A 

2061968 

Bracket,    Wiring  Harness 

12B 

2031475 

Bolt,  Bracket  to  Front 

Shroud    

12C 

2031391 

Washer,  Lock    

12D 

2031617 

Nut     1 

13 

2067058 

Wire,  Instrument  Panel 

Ground   1 

14 

2057731 

Wire,  Ammeter  to  30  Amp. 

Breaker     1 

15 

2068499 

Wire,  Connector  to  Right 

Light                                        1 

15 

2068498 

Wire,   Connector  to  Left 

Light                                        1 

15A 

2068505 

Grommet       ..                             2 

16 

2051219 

Wire,  Ignition  Switch  to 

Starter  Button                       1 

17 

2059997 

Wire,  Headlight  Jumper            1 

18 

2057728 

Wire,  15  Amp.  Breaker  to 

Ignition  Switch    1 

19 

2057729 

Wire,    Ignition   Switch  to 

Hourmeter        ...     ....         1 

20 

2057049 

Gang  Breaker,  Circuit  1 

20A 

2031429 

Bolt,  Breaker  to  Panel 

(N.I.)      2 

20B 

2031615 

Washer,  Lock  (N.I.)                 2 

20C 

2031389 

Nut  (N.I.)                 .                2- 

21 

2057727 

Wire,  30  Amp.  Breaker  to 

Light  Switch    ....".             1 

22 

2058273 

Wire,  15  Amp.  Breaker  to 

Overhead   Light  Switch        1 

23 

2061979 

Wire,  Light  Switch  to 

Panel  Light    1 

Item       Part  No. 


Description 


I 


24 
25 
26 
27 
28 


2059996 
2050575 
2057725 
2048492 
2068497 


to 


28A  2068326 

29  2068352 

30  2048655 
30A  2048656 
30B  2048657 

30C  2031450 

300  2031390 

30E  2031616 

31  2050747 
31 A  2036101 
316  2031866 
31C  2031863 

32  2033377 
32A  2031427 
32B  2031390 
32C  2031615 

33  2068291 

33 A  2031450 

33B  2031390 

33C  2031616 

33D  2068249 

34  


35  2068244 
35A  2068240 
35B  2068242 
35C  2068243 

36  2058369 

37  2062162 

38  '*2033414' 
38A  2032859 

38B  2031471 

38C  2031391 

39  2061973 

40  2061972 


(N.I.) 


Wire,  Line  Connector 

Headlight 
Connector,  Line,  Headlamp, 

Horn  &  Dash  Lamp 
Wire,  Light  Switch  to 

Line  Connector    

Switch,  Light  Overhead 

Guard     

Wire,  Overhead  Guard 

Light  Switch  to  Connec. 
Clamp,  Wire  to  Support 

Arm  (N.I.)     

Connector    

Horn   

Bracket,  Horn  (N.I.)   

Nut,  Horn  to  Bracket 

(N.I.)     

Bolt,  Horn  Bracket  to 

Mount  Plate  (N.I.) 
Washer,  Lock  (N.I.) 

Nut  (N.I.)      

Breaker,  Circuit  70  Amp. 

Bolt  (N.I.)      

Washer,  Lock  (N.I.)    

Nut   (N.I.)    

Relay,  Horn      

Bolt  (N.I.) 
Washer,  Lock 
Nut    (N.I.) 
Regulator,  Voltage  (Furn- 
ished with  Engine)     

Bolt,  Regulator  to  Mount 

Plate  (N.I.)    

Washer,  Lock  (N.I.)   

Nut  (N.I.)      

Mount  Plate,  Regulator 

(N.I.)     

Shutdown,  Fuel  (Furn- 
ished with  Engine) 
Harness,  Generator 

Plug  Assy.  (N.I.)    

Adapter  (N.I.) 

Clamp  (N.I.)    

Wire,  Starter  to  70  Amp. 

Breaker    

Wire,  Terminal  Block  to 

•      Rear  Work  Light    

Cable,  Starter  to  Ground 
Clamp,  Battery  Cable  to 

Hydraulic  Tank    (N.I.) 
Bolt,  Cable  to  Boss  (N.f.) 

Washer,  Lock  (N.I.)   

Harness,  Tail  Light    

Harness,  Tail  Light    


(N.I.)     Not  I 


TIRES  AND  WHEELS 


Item 

Port  No. 

Description                   No. 

Req'd. 

1 
2 
2A 

2067830 
2062656 
2062655 

Tire,  Tubeless 
(23:5x25)  19.5  Rim  .... 
Wheel  Assy.    (Incl.  Items 
2A,  3,  5,  6  &6A)  
Rim  Base  Assy. 

4 

4 
4 

} 

2031148 

Ring,  Lock    

4 

4 

2030210 

Valve  Stem  Assy  

4 

4A 

2056824 

Cap,  Valve     

4 

4B 

2030204 

Adapter    

4 

5 

2031147 

"0"  Ring    

4 

6 

2031146 

Band,  Bead  Seat 

4 

6A 

2030198 

Flanae    

8 

REFER  TO  TM  9-1870-1  FOR  INSTRUCTIONS  FOR  MAINTENANCE  OF  TIRES, 


PART  2 

DIESEL  ENGINE  MODEL  C-180 
OPERATION  AND  MAINTENANCE 


GENERAL 

Part  2,  Operation  and  Maintenance  is  applicable  to  diesel  engine 
Model  C-180-CI  as  used  on  Model  3000M  Fork  Lift.     It  contains 
instructions  for  operators  that  will  enable  them  to  get  the  best 
service  from  their  enginss.  Before  operating  the  engine,  become 
familiar  with  the  procedures   described. 

The  maintenance  section  is  for  the  men  who  are  responsible  for 
the  upkeep  and  availability  of  engine  on  the  job.     The  maintenance 
program  is  simple,  realistic,   easy  to  control  and  a  profitable  ort 
to  practice. 


1 .  LUBRICATING  OIL  FILTER 

2.  DIPSTICK  and  TUBE 

3.  OIL  FILLER  TUBE 

4 .  AIR  COMPRESSOR 

5 .  GENERATOR 

6 .  BREATHER 

7 .  INTAKE  AIR  MANIFOLD 

8.  FUEL  PUMP 

9.  FLYWHEEL  HOUSING 
10 .  OIL  PAN 


FIGURE  1 
FUEL  PUMP  SIDE  OF  ENGINE 


1 .  STARTING  MOTOR 

2.  LUBRICATING  OIL  COOLER 

3 .  CORROSION  RESISTOR 

4 .  EXHAUST  MANIFOLD 

5 .  THERMOSTAT  HOUSING 

6.  SUPERCHARGER 

7 .  VIBRATION  DAMPER 

8 .  WATER  PUMP 


FIGURE  2 
SUPERCHARGER  SIDE  OF  ENGINE 


FIGURE  3 
FRONT  OF  ENGINE 


1. 
2. 
3. 
4. 
5. 
6. 


VIBRATION  DAMPER 
FAN  DRIVE  PULLEY 
BREATHER 
GENERATOR  DRIVE 
ACCESSORY  DRIVE 
LUBRICATING  OIL  F 


1. 
2. 
3. 
4. 
5. 
6. 


FLYWHEEL 

DIPSTICK 

OIL  FILLER  TUBE 

AIR  INLET  CROSSOV 

CORROSION  RESISTO 

FLYWHEEL  HOLJSiNC 


FIGURE  4 
BACK  OF  ENGINE 


Operating  Principles 


The    most   satisfactory   service   can    be   expected    f 
Diesel  Engine  when  the  operation  procedui 
based  upon  a  clear  understanding  of  the  engine  w 
principles.  Each  part  of  the  engine  affects  the   opi 
of  every  other  working  part  and  of  the  engine  as  a 
Diesel   Engines  treated  in  this  manual   are 
stroke-cycle,  high-speed,  full-diesel   engines.   Horsf 
ratings  and  other  engine  specifications  for  each  moc 
tabulated  on  preceding  pages. 


The 


Diesel  Engine 


Diesel  Cycle 

Diesel  engines  differ  from  other  internal  combustion  en- 
gines in  a  number  of  ways.  Compression  ratios  are  higher 
than  in  spark-ignited  engines.  The  charge  taken  into  the 
combustion  chamber  through  the  intake  consists  of  air  only 
—  with  no  fuel  mixture.  Injectors  receive  low  pressure  fuel 
from  the  fuel  pump  and  deliver  it  into  the  individual  com- 
bustion chambers  at  the  right  time  in  equal  quantity  and 
proper  condition  to  burn.  Ignition  of  fuel  is  caused  by  the 
heat  of  the  compressed  air  in  the  combustion  chamber. 

It  is  easier  to  understand  the  function  of  engine  parts  if  it 
is  known  what  happens  in  the  combustion  chamber  during 
each  of  the  four  piston  strokes  of  the  cycle.  The  four 
strokes  and  the  order  in  which  they  occur  are:  Intake 
Stroke,  Compression  Stroke,  Power  Stroke  and  Exhaust 
Stroke. 


Intake  Stroke 

During  the  intake  stroke,  the  piston  travels  downward,  the 
intake  valve  is  open,  and  the  exhaust  valve  is  closed. 
(Some  engines  have  dual  intake  and  exhaust  valves  as  indi- 
cated on  preceding  introductory  pages.) 

The  downstroke  of  the  piston  permits  air  from  outside  to 
enter  the  cylinder  through  the  open  intake  valve  port.  On 
engines  where  used,  the  supercharger  qr  turbocharger  in- 
creases air  pressure  in  the  engine  intake  manifold  and 
forces  it  into  the  cylinder. 

The  intake  charge  consists  of  air  only  with  no  fuel  mixture. 


Compression  Stroke 

At  the  end  of  the  intake  stroke,  the  intake  valve  closes  and 
the  piston  starts  upward  on  the  compression  stroke.  The 
exhaust  valves  remain  closed. 

At  the  end  of  the  compression  stroke,  the  air  in  the  com- 
bustion chamber  has  been  forced  by  the  piston  to  occupy 


a  space  about  one-fifteenth  as  great  in  volume  as  if 
pied  at  the  beginning  of  the  stroke.  Thus,  we  s 
compression  ratio  is  15:1,  etc. 

Compressing  the  air  into  a  small  space  causes  the  te 
ture  of  that  air  to  rise.  Near  the  end  of  the  compi 
stroke,  the  pressure  of  the  air  above  the  piston  is  a 
mately  500  to  600  pounds  per  square  inch  and  the  te 
ture  of  that  air  is  approximately  1000°  F  [537.8^  C] 

During  the  last  part  of  the  compression  stroke  a 
early  part  of  the  power  stroke,  a  small  metered  ch; 
fuel  is  injected  into  the  combustion  chambei. 

Almost  immediately  after  the  fuel  charge  is  injecte 
the  combustion  chamber,  the  fuel  is  ignited  by  t 
compressed  air  and  starts  to  burn. 


Power  Stroke 

During  the  power  stroke,  the  piston  travels  downwa 
both  intake  and  exhaust  valves  are  closed. 

By  the  time  the  piston  reaches  the  end  of  the  compi 
stroke,  the  burning  fuel  causes  a  further  increase 
pressure  above  the  piston.  As  more  fuel  is  adds 
burns,  the  gases  get  hotter  and  expand  more  to  pi 
piston  downward  and  add  impetus  to  crankshaft  r< 


Exhaust  Stroke 

During  the  exhaust  stroke,  the  intake  valves  are  clos 
exhaust  valves  are  open,  and  the  piston  is  on  its  up 

Burned  gases  are  forced  out  of  the  combustion  cl 
through  the  open  exhaust  valve  ports  by  the  upwarc 
of  the  piston. 

Proper  engine  operation  depends  upon  two  things 
compression  for  ignition;  and  second,  that  fuel  be  n 
ed  and  injected  into  the  cylinder  in  the  proper  quant 
at  the  proper  time. 


ruel  System 


ie  PT  fuel  system  is  used    on    the    C-l8d    Engine.  4.  Injectors  to  receive  low-pressure  fuel  from  the  fuel  pump 

le  identifying  letters,  "PT,"  are  an  abbreviation  for  "pros-  and  deliver  It  into  the  individual  combustion  chambers  at 

ire-time."  the  right  time,  in  equal  quantity  and  proper  condition  to 

ie  operation  of  the  PT  Fuel  System  is  based  on 

e  principle  that  the  volume  of  liquid  flow  is  proportionate  The  PT  fuel  system  consists  of  the  fuel  pump,  supply  and 

the  fluid  pressure,  the  time  allowed  to  flow  and  the  size  drain  lines  and  passages,  and  the  injectors. 

passage  the  liquid  flows  through.  To  apply  this  simple 
inciple  to  the  PT  Fuel  System,  it  is  necessary 

provide: 

fuel  pump  to  draw  fuel  from  the  supply  tank  and  deliver 
to  individual  injectors  for  each  cylinder. 

means  of  controlling  the  pressure  of  the  fuel  being  de- 
rered  by  the  fuel  pump  to  the  injectors  so  the  individual 
'linders  will  receive  the  right  amount  of  fuel  for  the 
>wer  required  of  the  engine. 

jel  passages  of  the  proper  size  and  type  so  that  the  fuel  ruel   Kump 

II  be  distributed  to  all  injectors  and  cylinders  with  equal 

f-snure  under  all  speed  and  load  conditions.  The  fuel  pump  Is  coupled  to  the  compressor  or  fuel  pump 


Operating  Principles 


CD  GOVERNOR  ASSIST  PLUNGER    ©  PULSATION  DAMPER 


©  SHIMS 

©  GOVERNOR  ASSIST  SPRING 

0  MAIN  SHAFT 

©  TACHOMETER  SHAFT 

®  FILTER  SCREEN 

©  SHUT-DOWN  VALVE 

CD  GEAR  PUMP 


©  THROTTLE  SHAFT 

®  IDLE  ADJUSTING  SCREW 

@  IDLE  SPRING 

©GEAR  PUMP  PRESSIME^ 

®  FUEL  MANIFOLD  PRESSURE 

®  IDLE  PRESSURE 

©GOVERNOR  WEIGHTS 


©  GEAR  PUMP 

©  PULSATION  DAMPER 

©  FROM  TANK 

©  SHUT-DOWN  VALVE 

©  FILTER  SCREEN 

©  TO  INJECTORS 


Fig.  1-2.    PT  (type  G)  fuel  pump  cross  section  and  fuel  flow 


©IDLE 

©FULL 

©  THROTTLE  SHAFT 

®  GOVERNOR  WEIGHTS 

©  GOVERNOR  PLUNGER 

FWCB-F\ 


drive  which  is  driven  from  the  engine  gear  train.  The  fuel 
pump  main  shaft  turns  at  engine  crankshaft  speed,  and 
drives  the  gear  pump,  governor  and  tachometer  shaft. 


PT  (type  G)  Fuel  Pump 

The  PT  (type  G)  fuel  pump  can  be  identified  by  the 
sence  of  the  return  line  at  the  top  of  the  fuel  pump, 
pump  assembly  is  made  up  of  three  main  units. 

1.  The  gear  pump  which  draws  fuel  from  the  supply  tank  ; 
forces  it  through  the  pump  filter  screen  to  the  governo 

2.  The  governor  which  controls  the  flow  of  the  fuel  from 
gear  pump  as  well  as  the  maximum  and  idle  engine  spe« 

3.  The  throttle  which  provides  a  manual  control  of  fuel  f 
to  the  injectors  under  all  conditions  in  the  operating  rar 

The  location  of  fuel  pump  components  is  indicated  in  Fi 
1-1  and  1-2  respectively. 


Gear  Pump  And  Pulsation  Damper 


The  gear  pump  is  driven  by  the  pump  main  shaft  and  c 
tains  a  single   set  of   gears  to   pick   up  and   deliver 


i  tjuar  pump  contains  a  steel  diaphragm  which  absorbs 
ilsations  and  smoothes  fuel  flow  through  the  fuel  system, 
om  the  gear  pump,  fuel  flows  through  the  filter  screen 


iown  in  Fig.  1  -'I. 


to  the  go'.-ernor  assembly  as 


size  of  the  idle  spring  p/wnger  counterbore  on  PT  (type 
G)  fuel  pumps.  When  the  engine  reaches  governed  speed, 
the  governor  weights  move  the  governor  plunger,  and  fuel 
passages  to  the  injectors  are  shut  off.  At  the  same  time 
another  passage  opens  and  dumps  the  fuel  back  into  the 
main  pump  body.  In  this  manner  engine  speed  is  con- 
trolled and  limited  by  the  governor  regardless  of  throttle 
position.  Fuel  leaving  the  governor  flows  through  the  shut- 
down valve,  inlet  supply  lines  and  on  into  the  injectors. 


irottle 

the  throttle  provides  a  means  for  the 
jerator  to  manually  control  engine  speed  above  idle  as  re- 
jired  by  varying  operating  conditions  of  speed  and  load. 


the  PT  (type  G)  fuel  pump,  fuel  flows  through  the  gover- 
3r  to  the  throttle  shaft.  At  idle  speed,  fuel  flows  through 
e  idle  port  in  the  governor  barrel,  past  the  throttle  shaft. 
D  operate  above  idle  speed,  fuel  flows  through  the  main 
ivernor  barrel  port  to  the  throttling  hole  in  the  shaft. 


icvernors 


Iling  and  High-Speed  Mechanical  Governor:  The  me- 
lanical  governor,  sometimes  called  "automotive  r^over- 
Dr", 

is  actuated  by  a  system  of  springs  and  weights, 
id  has  two  functions.  First,  the  governor  maintains  suf- 
cient  fuel  for  idling  with  the  throttle  control  in  idle  posi- 
Dn;  second,  it  cuts  off  fuel  to  the  injectors  above  maxi- 
um  rated  rpm.  The  idle  springs  in  the  governor  spring 
ack  position  the  governor  plunger  so  the  idle  fuel  port  is 
Dened  enough  to  permit  passage  of  fuel  to  maintain  en- 
ne  idle  speed. 

uring  operation  between  idle  and  maximum  speeds,  fuel 
DWS  through  the  governor  to  the  injectors  in  accordance 
ith  engine  requirements  as  controlled  by  the  throttle  and 
nited  by  the 


I 


I 


I 


converter  is  used  to  connect  the  engine  with  its  driven  unit. 
An  auxiliary  governor  may  be  driven  off  the  torque  con- 
verter output  shaft  to  exercise  control  over  the  engine 
governor  and  to  limit  converter  output  shaft  speed.  The 
engine  governor  and  the  converter  governor  must  be  ad- 
justed to  work  together. 

The  PT  torque-converter  governor  consists  of  two  me- 
chanical variable-speed  governors  in  series  — one  driven 
by  the  engine  and  the  other  by  the  converter.  Fig.  1-4. 

The  engine  governor,  in  addition  to  giving  a  variable  engine 
speed,  acts  as  an  over-speed  and  idle-speed  governor 
while  the  converter-driven  governor  is  controlling  the  en- 
gine. Each  governor  has  its  own  control  lever  and  speed 
adjusting  screws. 

The  converter-driven  governor  works  on  the  same  principle 
as  the  standard  engine  governor  except  it  cannot  cut  off 
fufai  io  the  idle  jei  in  the  engine-driven  governor.  This  in- 
sures that,  if  the  converter  tailshait  overspocds,  it  will  not 
stop  th«  engine. 


PT  (type  G)  Variable-Spaed  G 

The  mechanical  vsr.ablo  ipaod  govsmor     used 


with  the  PT  (type  G)  fuel  pump:  the  ,v.  o. 
Speed"  (MVS)  governor  which  is  nionruu' 
of,  or  remotely  near,  the  iutl  J.M:H..-. 


Fig's.  1-5 
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Fig.  1-5.    PT  (type  6)  fuel  pump  will,  MVS  governr, 


governni 


Mechanical  Variable-Speed  (MVS)  Governor 


the  higher  rpm.  In  a  case  of  this  type,  the  MVS  governor 
low-speed  position  would  be  for  full-load  governed  rpm 
while  the  maximum  speed  position  would  be  set  for  the 
PTO  operating  speed.  Also,  the  automotive  governor  within 
the  fuel  pump  would  have  to  be  set  at  the  highest  required 
operating  speed. 

The  MVS  governor  assembly  mounts  atop  the  fuel  pump, 
and  the  fuel  solenoid  is  mounted  to  the  governor  housing. 
See  Fig.  1-5.  The  governor  also  may  be  remote  mounted. 

Fuel  from  the  fuel  pump  body  enters  the  governor  housing 
and  flows  to  the  governor  barrel  and  plunger.  Fuel  flows 
past  plunger  to  the  shut-down  valve  and  on  into  the  injec- 
tors according  to  governor  lever  position,  as  determined  by 
the  operator. 

The  variable-speed  governor  cannot  produce  engine  speeds 
in  excess  of  the  automotive  governor  setting.  The  gover- 
nor can  produce  idle  speeds  below  the  automotive  pump 
idle  speed  setting,  but  should  not  be  adjusted  below  the 
automotive  fuel  pump  speed  setting  when  operating  as  a 
combination  automotive  and  variable-speed  governor. 


The  standard  automotive,  or  maximum-speed,  governor  has 
engine  speed  control  only  at  idle  and  at  the  maximum 
speed  condition  ranging  from  maximum  full-load  speed  to 
the  high  idle  speed.  This  governor  cannot  be  expected  to 
regulate  engine  speed  below  full-load  governed  speed,  and 
when  trying  to  regulate  engine  speed  by  reducing  the 
throttle  position,  a  slight  variation  in  load  from  the  power 
take-off-driven  equipment  will  cause  a  widely  varying  en- 
gine speed.  Therefore,  for  all  applications  in  which  the 
engine  is  driving  power  take-off  equipment,  and  at  the 
same  time  the  operator  is  not  controlling  engine  speed  by 
maintaining  constant  touch  with  the  throttle,  it  is  recom- 
mended that  MVS  governors  be  used.  This  governor  can 
also  be  added  to  an  existing  engine  or  vehicle  when  neces- 
sary, but  simple  recalibration  of  the  fuel  pump  is  required. 

Adjustment  for  different  rpm  can  be  made  by  means  of  a 
lever  control  or  adjusting  screw.  At  full-rated  speed,  this 
governor  has  a  speed  droop  between  full-load  and  no-load 
of  approximately  10%.  A  cross  section  of  this  governor  is 
shown  in  Fig.  1-5. 

As  a  variable-speed  governor,  this  unit  is  suited  to  the  vary- 
ing speed  requirements  of  cranes,  shovels,"'etc.,  in  which 
the  same  engine  is  used  for  propelling  the  unit  and  driving 
a  pump  or  other  fixed-speed  machine. 

As  a  constant-speed  governor,  this  unit  provides  control 
for  pumps,  nonparalleled  generators  and  other  applications 
where  close  regulation  (variation  between  no-load  and  full- 
load  speeds)  is  not  required. 

In  a  limited  number  of  cases,  the  engine  rpm  required  for 
power  take-off  operation  might  be  higher  than  the  normal 
full-load  governed  rpm  for  that  particular  engine.  This 
could  occur,  for  instance,  when  the  engine  is  derated  in 
speed  for  an  economy  rating  in  over-the-road  operation. 
For  operations  of  this  type,  Cummins  Engine  Company 
must  be  consulted  for  approval  to  operate  the  engine  at 


Operating  Principles 


Injectors  contain  an  adjustable  orifice  or  selected  i 
diameter  orifice  plug  in  the  inlet  passage  which  regt 
fuel  flow  into  the  injector. 


Fuel  Lines,  Connections  And  Valves 
Supply  And  Drain  Lines 

Fuel  is  supplied  through  a  single  tube  to  the  fuel  s 
manifold  as  shown  in  Fig.  1-9.  The  drain  manifold  re 
fuel,  that  is  not  injected,  to  the  supply  tank  through  a 
line  located  at  the  rear  of  the  engine. 


Injectors 


The  injector  provides  a  means  of  introducing  fuel  into  each 
combustion  chamber.  It  combines  the  acts  of  metering, 
timing,  and  injection. 

Fuel  is  supplied  to  and  drained  from  flanged  injectors 
through  external  fuel  lines  and  connections  as  shown  in 
Fig.  1-9.  Fuel  circulates  through  the  injector  at  all  times 
except  during  a  short  period  following  injection  into  the 
cylinder.  From  the  inlet  connection,  fuel  flows  down  the 
inlet  passage  of  the  injector,  around  the  injector  plunger 
between  the  body  and  cup,  and  up  the  drain  passage  to 
the  drain  connections  and  lines  where  it  returns  to  the  sup- 
ply tank. 

As  the  plunger  rises,  the  metering  orifice  is  uncovered  and 
part  of  the  fuel  is  metered  into  the  cup.  At  the  same  time, 
the  rest  of  the  fuel  flows  out  of  the  drain  orifice.  The 
amount  of  fuel  passing  through  the  metering  orifice  and 
into  the  cup  is  controlled  by  fuel  pressure. 
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Connections 

The  fuel  supply  and  drain  manifolds  are  connect! 
flanged  injectors  with  fuel  connections.  The  inlet  co 
tion  contains  a  fine  mesh  screen,  which  acts  as  a 
filter  before  fuel  enters  the  combustion  chamber. 


Shut-Down  Valve 

Either  a  manual  or  an  electric  shut-down  valve  is  usi 
Cummins  fuel  pumps. 

With  a  manual  valve,  the  control  lever  must  be  fully  < 
wise  or  open  to  permit  fuel  flow  through  the  valve. 

With  the  electric  valve,  the  manual  control  knob  mu 
fully  counterclockwise  to  permit  the  solenoid  to  ope 
valve  when  the  "switch  key"  is  turned  on.  For  emeri 
operation  in  case  of  electrical  failure,  turn  manual 
clockwise  to  permit  fuel  to  flow  through  the  valve. 


lubricating  System 


Fhe  working  parts  of  C-180-CI  Diesel  Engines  are 
sressure  lubricated.  The  pressure  is  supplied  by  a  gear- 
:ype  lubricating  pump  located  below  the  crankshaft  and 
Jriven  by  an  idler  gear  off  the  crankshaft  gear.  Oil  is  held 
n  the  sump  of  the  oil  pan,  and  is  drawn  from  this  sump  by 
the  lubricating  oil  pump.  It  is  delivered  to  all  working 
sarts  of  the  engine  through  lubricating  oil  lines  and  the  oil 
leader,  the  latter  being  drilled  the  full  length  of  the  block. 

Various  drillings  through  the  block,  cylinder  head,  crank- 
shaft and  rocker  levers  complete  the  oil  circulating  pass- 
ages. 

Lubricating  oil  is  forced  through  the  crankshaft  to  lubricate 
main  and  connecting  rod  bearings.  In  some  engines,  rifle 
drillings  carry  oil  from  the  crankshaft  through  the  connect- 
ng  rods  to  lubricate  the  piston  pins  and  bushings.  Lubricat- 
ng  oil  pressure  is  controlled  by  a  regulator  in  the  oil  filter 
!nead  or  in  a  separate  housing  on  the  engine  block. 


Filters  and  screens  are  provided  throughout  the  lubricating 
system  for  proper  cleaning  of  lubricating  oil. 

The  air  compressor,  of    the   C-180-CI    engines,  re- 
ceive pressure  lubrication  from  the  engine  oil  supply. 


The  injector  plunger  in  the  injector  and  working  parts  in  the 
fuel  pump  are  lubricated  by  fuel  oil.  The  fuel  oil  used  for 
lubrication  of  the  injector  plunger  is  returned  to  the  fuel 
tank  through  drain  lines. 

The  schematic  diagram,  Fig.  1-14,  shows  direction  of  oil  flow 
and  the  various  units  provided  to  clean  and  cool  hot  oil 
and  maintain  a  constant  pressure  in  the  header  at  governed 
engine  rpm. 

A  by-pass  valve  is  provided  in  the  oil  filter  as  insurance 
against  interruption  of  oil  flow  by  a  dirty  or  clogged  filter 
element. 
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Fig.  1-14.    Lubricating  oil  flow 
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Cooling  System 


Water  is  circulated  by  a  centrifugal-type  water  pump 
mounted  on  the  exhaust  side  of  the  engine  and  driven  by 

a  coupling  from  rear 
of  supercharger.  Fig.  1-15. 

The  water  circulates  around  the  wet-type  cylinder  liners, 
through  cylinder  head  and  around  injector  sleeves.  The  in- 
jector sleeves  in  which  the  injectors  are  mounted  are  cop- 
per for  fast  dissipation  of  heat.  The  water  connection 
houses  a  single  thermostat  to  control  engine  operating 
temperature. 

The  engine  coolant  is  cooled  by  a  radiator 
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Fig.  1-15.    Coolant  flow 
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Mr  System 


'he  supercharger        forces  additional  air  into 

he  combustion  chambers  so  the  engine  can  burn  more  fuel 
ind  develop  more  horsepower  than  if  it  were  naturally 
spirated. 


Supercharger 

^  supercharger  is  a  gear-driven  air  pump  which  employs 
otors  to  force  air  into  engine  cylinders.  The  supercharger 
i  driven  from  the  engine  crankshaft  through  a  gear  train 
timing  at  about  1.8  times  engine  speed.  Fig.  1-16. 


Air  Compressor 

The  Air   Compressor    is    a   single-cylinder   unit 

driven  from  the  engine  by  integral  crankshaft  and  accessory 
drive  Lubrication  is  received  from  the  engine 

lubrication  system,  with  the  oil  carried  by  internal  drillings 
The  cylinder  head  is  cooled  by  engine 
coolant. 
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g.   1-16.    Cutaway  view  of  supercharger  N21004 


Operating  Instructions 


The  operator  of  the  engine  assumes  the  responsibilit 
engine  care  while  it  is  being  worked.  This  is  an  impoi 
job  and  one  that  will  determine  to  a  large  degree 
extent  of  profit  from  the  operation.  There  are  comparal 
ly  few  rules  which  the  operator  must  observe  to  get 
best  service  from  theC-180  Diesel.  However,  if  an 
these  rules  are  broken,  a  penalty  is  certain  to  follow, 
penalty  may  be  in  lack  of  work  accomplished  becaus 
lowered  engine  efficiency  or  it  may  be  in  down  time 
costly  repair  bills  resulting  from  premature  engine  fai 


General— AH  Applications 


New  Engine  Break-In 

The  way  a  new  engine  is  operated  during  the  first  3000 
mi  or  100  hours'  service  can  have  an  im- 

portant effect  on  the  life  of  the  engine  and  its  parts.  Its 
moving  parts  are  closely  fitted  for  long  service,  and  even 
though  all  engines  are  run  on  a  dynamometer  for 

several  hours  before  they  leave  the  factory,  an  additional 
break-in  period  insures  a  uniform  oil  film  and  wear  pattern 
are  established  between  all  mating  parts. 


During  the  first  3000  mi 


or  100  hours'  service: 


1.  Operate  at  1A  to  3A  throttle.  Do  not  operate  at  maximum 
horsepower  for  more  than  five  minutes  at  a  time. 

2.  Do  not  idle  the  engine  for  long  periods  as  this  will  cause 
cylinder  walls  to  glaze  before  the  piston  rings  seat  properly 
and  result  in  excessive  lubricating  oil  consumption. 

3.  Watch  the  instruments  closely.  Decrease  engine  rpm  if  oil 
temperature  reaches  250°  F  [121.1°  C]  or  if  coolant  tem- 
perature exceeds  190°  F  [87.8°  C]. 

4.  Operate  with  a  power  requirement  low  enough  to  allow  ac- 
celeration to  governed  speed  under  any  condition. 


Pre-Starting  Instructions  —  First  Time 

The  items  covered  under  this  heading  are  those  performed 
when  the  engine  is  first  put  in  service  or  after  a  long  period 
of  storage.  These  operations  provide  conditions  which  add 
to  engine  life  by  preventing  metal  surfaces  from  direct 
contact  during  the  brief  period  before  a  lubrication  film  is 
completely  established. 


Prime  Fuel  System 

1.  Prime  fuel  pump  before  starting  engine  for  first  time.  Re- 
move plug  next  to  tachometer  drive  (PT  type  G  pump)  and 
fill  with  clean  fuel  oil  meeting  the  specifications  on  Page 


3-3.  On  all  PT  fuel  pumps,  fill  gear  pump  through  sue 
fitting  with  clean  lubricating  oil  to  aid  in  faster  pick-u 
fuel.  If  fuel  filter  is  "dry",  fill  with  clean  fuel  before  stai 
engine. 

2.  Check  fuel  tanks.  There  must  be  an  adequate  supply 
good  grade,  clean,  No.  2  diesel  fuel  in  the  tanks.  See  " 
Oil  Specifications,"  Page  3-1. 

3.  If  injector  and  valve  adjustments  have  been  disturbei 
any  maintenance  work,  check  to  be  sure  that  they  I 
been  properly  adjusted  before  starting  the  engine. 


Prime  Lubricating  System 

1.  Fill  crankcase  to  "L"  (Low)  mark  on  dipstick.  See  F 
3-2. 

2.  Remove  'A  in.  pipe  plug  from  the  oil  gallery  (1,  Fig. 
on   engines  from  top   (2 
lubricating  oil  filter  head  for  paper-element  filters. 


Fig.  2-1.    Lubricating  oil  priming  point! 


onnect  a  hand  or  motor-driven  priming  pump  line  from 
jurce  of  clean  lubricating  oil  to  oil  plug 

oss. 

i-ime  until  a  30  psi  [2.1093  kg/sq  cm]  minimum  pressure  is 
btained. 

Irank  engine  for  at  least  15  seconds  while  maintaining  ex- 
jrnal  oil  pressure  at  a  minimum  of  15  psi  [1.0547  kg/sq 

m]. 

emove  external  oil  supply  and  replace  plug  in  cylinder 
lock  or  oil  filter  head. 

ill  crankcase  to  "H"  (High)  mark  on  dipstick  with  oil  meet- 
ig  specifications  shown  on  LO  No  change  in  oil 
iscosity  or  type  is  needed  for  new  or  newly  rebuilt  engines. 

:aution:  After  engine  has  run  a  few  minutes,  it  will  be 
ecessary  to  add  lubricating  oil  to  compensate  for  that 
bsorbed  by  filter  element(s)  and  oil  cooler. 


Jormal-Daily  Checks 
:heck  Oil  Leve! 


dipstick  oil  gauge  is  located  on  the  side  of  the  engine, 
he  dipstick  supplied  with  the  engine  has  an  "H"  (High) 
nd  "L"  (Low)  level  mark  to  indicate  lubricating  oil  supply, 
he  dipstick  must  be  kept  with  the  oil  pan,  or  engine,  with 
hich  it  was  originally  supplied. 


Check  Air  Connections 

Check  the  air  connections  to  the  compressor  and  air  equip- 
ment, and  to  the  air  cleaners. 


Check  Engine  Coolant  Supply 

1.  Remove  the  radiator  or  heat  exchanger  cap  and  check  the 
engine   coolant  supply.  Add   coolant  as   needed   to   com- 
pletely fill  the  system. 

2.  Make    visual    check    for    leaks. 

3.  There  are  several  recognized  methods  of  protecting  engine 
cooling  systems  from  rust  and  corrosion.  These  methods 
are  described  in   TB  ORD  651. 


Check  Fuel  Supply  And  Connections 

1.  Fill  fuel  tanks  with  fuel  meeting  specifications  on  Page  3-1. 

2.  Visually  check  for  evidence  of  external  fuel  leakage  at  the 
fuel  connections. 

3.  Tighten   fuel   manifold   fittings;   tighten   injector  fuel    con- 
nections to  20/25  ft-lb  [2.7660/3.4575  kg  m]. 


Starting  The  Engine 


2ep  oil  level  as  near  the  high  mark  as  possible.  Fig.  2-2. 

aution:  Never  operate  the  engine  with  oil   level  below 
te  low-level  mark,  or  above  the  high-level  mark. 


Starting  requires  only  that  clean  air  and  fuel  be  supplied  to 
the  combustion  chamber  in  proper  quantities  at  the  correct 
time. 


Normal  Starting  Procedure 


1.  Set  throttle  for  idle  speed. 

2.  Disengage  driven  unit  or  make  sure  main  disconnect  switch 

is  closed* 


turn  switch-key  to  "OH   "  position. 

and  press  starter  button* 


2-2.    Checking  engine  oil   level 


N21804 


Caution:  To  prevent  permanent  cranking  motor  damage, 
do  not  crank  engine  for  more  than  30  seconds  continuously. 
If  engine  does  not  fire  within  first  30  seconds,  wait  one  to 
two  minutes  before  recranking. 


Operating  Instructions 


Spray  Nozzle  Application  Of  Starting  Fluid 

The  spray  nozzle  application  is  an  effective  aid  in  starting 
the  engine  when  temperatures  drop  below  50°  F  [10.0°  C]. 

Caution:  This  cold-starting  fluid  should  never  be  used  with 
a  preheater  glow  plug.  Serious  damage  could  result. 

The  spray  nozzle  assembly  consists  of  a  control  knob  oper- 
ated from  the  cab,  a  flexible  cable  and  cable  housing  at- 
tached to  the  container  (1,  Fig.  2-6),  which  is  bracket 
mounted  on  the  fire-wall.  Pulling  the  knob,  in  the  cab,  re- 
leases the  spray  through  a  small  plastic  hose  (2)  into  the 
spray  nozzle  (3)  located  in  the  intake  connection  or 
manifold. 

Caution:  When  pulling  the  knob,  do  not  hold  it  any  longer 
than  2  seconds  at  any  one  time.  Serious  damage  could 
result  from  releasing  excessive  fluid  into  the  intake 
chambers. 

If  the  engine  does  not  start  after  the  first  2  seconds  of  spray 
application,  wait  1  or  2  minutes  and  repeat  starting  proce- 
dure. In  extreme  cold  weather  conditions,  such  as  —  25°  F 
[—  31.5°  C],  if  unit  will  not  start  with  the  above  instructions, 
remove  starting  fluid  can  and  warm  to  room  temperature, 
and  check  spray  nozzle  in  the  intake  connection  to  be  sure 
orifice  holes  are  free  of  foreign  material.  Install  can  in 
bracket  and  connect  the  spray  nozzle;  repeat  normal  start- 
ing procedure  with  use  of  the  spray  no2zle. 


Direct  Application  Of  Starting  Fluid 


close  to  air  cleaner  intake  while  second  man  cranks  tl 
engine. 

Caution:  Be  sure  cloth  is  outside  the  air  cleaner  and  ca 
not  be  drawn  into  the  engine. 

2.  As  an  alternate  method,  spray  ether  into  air  cleaner  intal 
while  second  man  cranks  the  engine.  Fig.  2-6. 

Caution:   Use  of  too   much   ether  will   cause   excessive 
high  pressures  and  detonation. 

3.  Ether  fumes  will  be  drawn  Into  the  intake  air  manifold  ar 
the  cold  engine  should  start  without  difficulty. 


Other  Cold-Starting  Aids 

Immersion-type   water   and    oil    heaters    are    available    f 
engines  used  in  cold-weather  operations. 


Water  Type 

The  water  heater  is  installed  in  place  of  the  water  head 
cover   plate   on    the;    block.   This   heater   may   be    rated 
115  V  or  230  V,  1000  Watts. 


Caution:  Never  handle  ether  near  an  open  flame.  Never 
use  it  with  preheater  or  flame  thrower  equipment.  Do  not 
breathe  the  fumes. 

1.  Pour  three  tablespoonfuls  of  ether  on  a  cloth;  hold  cloth 


Oil  Type 

The  oil  heater  is  installed  in  a  1  in.  NPTF  hole  in  the  c 
pan  sump.  This  heater  may  also  be  rated  at  either  115  V  i 
230  V,  1000  Watts. 


Engine  Warm-Up 

Warm  Up  Engine  Before  Applying  Load 

When  the  engine  is  started,  it  takes  a  while  to  get  the  lubri- 
cating oil  film  re-established  between  shafts  and  bearings 
and  between  pistons  and  liners.    Allew   engine   to   run 
at  fast  idle  for  5  minutes  or  until  temp- 
erature reaches  1W°  before  engaging  load. 

Avoid  seizing  pistons  in  liners  and  running  dry  shafts  in  dry 
bearings  by  bringing  the  engine  up  to  operating  speed 
gradually  as  it  warms  up.  Allow  the  engine  to  run  at  800 
to  1000  rpm  for  some  4  to  5  minutes  or  preferably  until 
water  temperature  reaches  140°  F  [60°  C]  before  engaging 
the  load.  During  the  next  10  to  15  minutes,  or  until  water 
temperature  reaches  160°/165°  F  [71.1°/73.9°  C],  operate 
at  partial  load  at  approximately  75%  of  governed  rpm. 

Caution:  Do  not  apply  more  than  one-third  throttle  opening 
until  engine  temperature  has  reached  160°  F  [71.1°  C]. 
Avoid  "gunning"  or  rapid  throttle  opening  when  engine 
temperature  is  below  normal  operating  range. 


Instrument  Panels 
Operate  By  Instruments 

The  operator  must  use  the.  panel  board 
instruments.  The  instruments  show  ?.t 
all  times  how  to  get  the  most  satisfai 
tcry  service  from  any  engine* 


Engine  Speeds 


Governed  Speeds 

All  engines  are  equipped  with  governors  to  pre- 

vent speeds  in  excess  of  maximum  or  predelermined  lower 
speed  rating. 

The  governor  has  two  functions:  First,  it  provides  the  exact 
amount  of  fuel  needed  for  idling  when  the  throttle  is  in 
idling  position.  Second,  it  over-rides  the  throttle  and  shuts 
off  fuel  if  engine  rpm  exceeds  the  maximum  rated  speed. 

The  model  C-180  engine  ie.  governed  to  a 
full  load  speed  of  2500  rpm  and  a  cruis- 
ing speed  of  2100  rpn. 


Overheating  problems  require  mechanical  correction.  It 
may  be  caused  by  loose  water  pump  belts,  a  clogged  cool- 
ing system  or  heat  exchanger,  or  insufficient  radiator  ca- 
pacity. Report  cases  of  overheating  to  the  maintenance 
department  for  correction;  a  maximum  engine  coolant  tem- 
perature of  200°  F  [93.3°  C]  should  not  be  exceeded. 


il  Temperature  Gauge  Indicates 
jst  Operating  Range 

e  oil  temperature  gauge  normally  should  read  between 
]°  F  [82.2°  C]  and  225°  F  [107.2°  C]  for  best  lubrication, 
ider  full-load  conditions,  a  temperature  of  250/265°  F 
'1.1/129.4°  C]  for  a  short  period  is  not  to  be  considered 
use  for  alarm. 

iiition:  Any  sudden  increase  in  oil  temperature  that  is  not 
used  by  load  increase  is  a  warning  of  possible  mechan- 
il  failure  and  should  be  investigated  at  once. 

iring  warm-up  peiiod,  apply  load  gradually  until  oil  tem- 
:rature  reaches  140°  F  [60°  C].  When  oil  is  cold  it  does 
>t  do  a  good  job  of  lubricating.  Continuous  operation 
th  oil  temperatures  much  below  140°  F  [60°  C]  increases 
elihood  of  crankcase  dilution  and  acids  in  the  lubricat- 
3  oil,  which  quickly  accelerate  engine  wear. 


eep  Water  Temperature  Between 
.5°  F  [73.9°  C]  And  195°  F  [90.5°  C] 


Keep  An  Eye  On  Oil  Pressure  Gauge 

The  oil  pressure  gauge  indicates  any  drop  in  lubricating  oil 
supply,  or  a  mechanical  malfunction  in  the  lubricating  oil 
system.  The  operator  should  note  loss  of  oil  pressure  and 
immediately  shut  down  the  engine  before  the  bearings  are 
ruined. 

Normal  Operating  Pressures  are: 

At  Idle    10/30  psi  [0.7030/2.1090  kg/sq  cm] 

At  Rated  Speed    40/75  psi  [2.8120/5.2825  kg/sq  cm] 

Note:  Individual  engines  may  vary  from  above  normal  pres- 
sures. Observe  and  record  pressures  when  engine  is  new 
to  serve  as  a  guide  for  indication  of  progressive  engine 
wear  conditions. 


Observe  Engine  Exhaust 

The  engine  exhaust  is  a  good  indicator  of  engine  operation 
and  performance.  A  smoky  exhaust  may  be  due  to  a  poor 
grade  of  fuel,  dirty  air  cleaner,  overfueling  or  poor  me- 
chanical conditions. 

If  engine  exhaust  is  smoky,  corrective  action  should  be 
taken.  Refer  to  Page  4-1,  "Trouble-Shooting  Chart". 


water  temperature  of  165°F  [73.9°  C]  to  195°  F  [90.5°  C] 
the  best  assurance  that  cylinder  liners  are  heated  to  the 
oper  temperature  to  support  good  combustion  and  that 
arking  parts  of  the  engine  have  expanded  evenly  to  the 
ost  favorable  oil  clearances.  See  "Engine  Warm-Up". 

igine  should  be  warmed  up  slowly  before  applying  full 
ad  so  pistons  will  not  expand  too  fast  for  the  cylinder 
lers.  Most  cases  of  piston  and  liner  scoring  start  with 
rowing  full  load  on  a  cold  engine. 

'hen  water  temperature  Is  too  low,  the  cylinder  walls  re- 
rd  heating  of  air  during  compression  and  delay  ignition, 
lis  causes  incomplete  combustion,  excessive  exhaust 
noke  and  high  fuel  consumption. 

sep  thermostats  in  the  engine  summer  and  winter,  avoid 
ng  periods  of  idling,  and  do  whatever  else  is  required  to 
sep  water  temperatures  up  to  a  minimum  of  165°  F 
3.9°  C].  If  necessary  in  cold  weather,  use  radiator  shut- 
rs  or  cover  a  part  of  the  radiator  to  prevent  overcooling. 


Maximum  Horsepower  Requirements 

Maximum  horsepower  is  attained  only  at  maximum,  or  gov- 
erned, engine  rprri.  Whenever  engine  rpm  is  pulled  down 
by  overload,  horsepower  is  lost  and  continues  to  be  lost 
as  long  as  the  engine  continues  to  lose  rpm.  When  full 
horsepower  is  needed,  operate  the  engine  near  the  gover- 
nor. This  rule  applies  to  any  kind  of  application. 


When  More  Power  Is  Needed,  Increase 
Engine  RPM 

One  rule  sums  up  all  rules  for  proper  operation  to  give  the 
power  needed  and  best  performance  from  the  equipment: 

Always  operate  so  power  requirement  will  allow  the  engine 
to  accelerate  to,  or  maintain,  governed  rpm  when  advanc- 
ing to  full  throttle. 


Operating  Instructions 


When  more  torque  or  power  is  required,  bring  engine  speed 
near  the  governor.  This  will  produce  the  additional  horse- 
power needed. 


High-Altitude  Operation 

Engines  lose  horsepower  when  operated  at  high  altitude 
because  the  air  is  too  thin  to  burn  as  much  fuel  as  at  sea 
level.  This  loss  is  about  3%  for  each  1000  ft  [304.800  m]  of 
altitude  above  sea  level  for  a  naturally  aspirated  engine. 
An  engine  will  have  a  smoky  exhaust  at  high  altitude  unless 
a  lower  gear  is  used  so  engine  will  not  demand  full-fuel 
from  the  fuel  system.  Smoke  wastes  fuel,  burns  valves  and 
exhaust  manifolds,  and  "carbons  up"  piston  rings  and  in- 
jector spray  holes.  Shift  gears  as  neeled  to  avoid  smoking. 


Engine  Shut-Down 

Let  Engine  Idle  A  Few  Minutes  Before 
Shutting  It  Down 

It  is  important  to  idle  an  engine  3  to  5  minutes  before  shut- 
ting it  down  to  allow  lubricating  oil  and  water  to  carry  heat 
away  from  the  combustion  chamber,  bearings,  shafts,  etc. 


Stop  Engine  Immediately  If  Any  Parts  Fail 

Practically  all  failures  give  some  warning  to  the  opei 
before  the  parts  fail  and  ruin  the  engine.  Many  engines 
saved  because  alert  operators  heed  warning  signs  (sue 
drop  in  oil  pressure,  unusual  noises,  etc.)  and  immedh 
shut  down  the  engine.  A  delay  of  ten  seconds  after  a  h 
ing  failure  causes  a  knock  may  result  in  a  ruined  cr 
shaft  or  allow  a  block  to  be  ruined  by  a  broken  connec 
rod. 

Never  try  to  make  the  next  trip  or  another  load  after 
engine  indicates  that  something  is  wrong.  It  does  not 


Cold-Weather  Protection 

1.  For  cold-weather  operation,  Winterize    the    COOl 

system  as  prescribed  in  TB  ORD  651. 

2.  To  completely  drain  cylinder  block  and  head,  open  peti 
or  remove  drain  plug  on  water  pump  side  of  cylinder  b 
at  the  rear  of  engine.  If  an  air  compressor  or  other  "wi 
cooled"  accessory  is  used,  open  petcock  on  unit.  Sei 
Fig.  2-8). 


Do  Not  Idle  Engine  For  Excessively 
Long  Periods 

Long  periods  of  idling  are  not  good  for  an  engine  because 
operating  temperatures  drop  so  low  the  fuel  may  not  burn 
completely.  This  will  cause  carbon  to  clog  the  injector 
spray  holes  and  piston  rings. 

If  engine  coolant  temperature  becomes  too  low,  raw  fuel 
will  wash  lubricating  oil  off  cylinder  walls  and  dilute  crank- 
case  oil  so  all  moving  parts  of  the  engine  will  suffer  from 
poor  lubrication. 

If  the  engine  is  not  being  used,  shut  it  down. 


Turn  Switch  Key  To  "Off"  Position  To 
Shut  Down  Engine 


tg    2-8.    Coolant  drain  points 
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Operator's  Daily  Report 

Wake  A  Daily  Report  Of  Engine  Operation 
Co  Maintenance  Department 

Hie  engine  must  be  maintained  in  top  mechanical  condition 
if  the  operator  is  to  get  the  most  satisfaction  from  its  use. 
Engine  adjustments,  etc.,  are  the  work  of 

organizational  maintenance  which   "eeds 

daily  running  reports  from  the  operator  to  make  necessary 
adjustments  in  the  time  alotted  between  runs  and  to  make 
provisions  for  more  extensive  maintenance  work  as  the  re- 
ports indicate  the  necessity. 

Comparison  and  intelligent  interpretation  of  the  daily  re- 
port along  with  a  practical  follow-up  action  will  eliminate 
practically  all  operating  failures  and  emergency  repairs. 


Report  to         maintenance 
conditions: 

Low  lubricating  oil  pressure. 
Low  power. 

Abnormal  water  or  oil  temperature. 
Unusual  engine  noise. 
Excessive  smoke. 


any  of  the  following 


i  rouoie   onooung 


Trouble  Shooting 


Trouble  shooting  is  an  organized  study  of  the  problem  < 
a  planned  method  of  procedure  for  investigation  and  c 
rection  of  the  difficulty.  The  chart  on  the  following  pi 
includes  some  of  the  problems  that  an  operator  may 
counter  during  the  service  life  of  a  'Diesel  Engi 


Diesel  Engines 


The  chart  does  not  give  all  the  answers  for  correction  of 
problems  listed,  but  it  is  meant  to  stimulate  a  train  of 
thought  and  indicate  a  work  procedure  directed  toward  the 
source  of  trouble.  To  use  the  trouble-shooting  chart,  find 
the  complaint  at  top  of  chart;  then  follow  down  that  column 
until  you  come  to  a  black  dot.  Refer  to  left  of  dot  for  the 
possible  cause. 


due  to  an  incorrectly  adjusted  fuel  pump,  but  instead  t< 
clogged  air  cleaner  or  possibly  a  restricted  exhaust  p 
sage,  causing  excessive  back  pressure.  Too  often,  engir 
are  completely  disassembled  in  search  of  the  cause  o 
certain  complaint  and  all  evidence  is  destroyed  during  c 
assembly  operations.  Check  again  to  be  sure  an  easy  so 
tion  to  the  problem  has  not  been  overlooked. 


Think  Before  Acting 

Study  the  problem  thoroughly.  Ask  these  questions: 

1.  What  were  the  warning  signs  preceding  the  trouble? 

2.  What    previous    repair    and    maintenance    work    has    been 
done? 

3.  Has  similar  trouble  occurred  before? 

4.  If  the  engine  still  runs,  is  it  safe  to  continue  running  it  to 
make  further  checks? 


Find  And  Correct  Basic  Cause 
Of  Trouble 

After  a  mechanical  failure  has  been  corrected,  be  sure 
locate  and  correct  the  cause  of  the  trouble  so  the  sa 
failure  will  not  be  repeated.  A  complaint  of  "sticking 
jector  plungers"  is  corrected  by  replacing  the  faulty 
jectors,  but  something  caused  the  plungers  to  stick.  1 
cause  may  be  improper  injector  adjustment,  or  more  oft 
water  in  the  fuel. 


Do  Easiest  Things  First 

Most  troubles  are  simple  and  easily  corrected;  examples 
are  "low-power"  complaints  caused  by  loose  throttle  link- 
age or  dirty  fuel  filters,  "excessive  lube  oil  consumption" 
caused  by  leaking  gaskets  or  connections,  etc. 

Always  check  the  easiest  and  obvious  things  first,  follow- 
ing this  simple  rule  will  save  time  and  trouble. 


Double-Check  Before  Beginning  Disassembly 
Operations 

The  source  of  most  engine  troubles  can  be  traced  not  to 
one  part  alone  but  to  the  relationship  of  one  part  with  an- 
other. For  instance,  excessive  fuel  consumption  may  not  be 
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Restricted  Air   Intake 
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High    Exhaust  flack   Pressure 
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Ali*                        Thin  Air  In  Hot  Weather  or  High  Alt. 
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Out  of   Fuel   or   Fuel   Shut-Off   Closed 
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Poor  Quality   Fuel 
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Restricted  Fuel  Lines:  Stuck  Drain  Valvi 
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0 

0 
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External  or   Internal   Fuel   Leaks 

0 

c 

Plugged   Injector  Spray   Holes 

0 

0 

0 

0 

0 
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Broken   Fuel   Pump   Drive  Shaft 

© 

_.  ,_                         Scored   Gear   Pump  or  Worn   Gears 
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"•Y'tTTM                    Loose  Injector  Inlet  or  Drain  Connection 
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OTS.ILWI                   Wrong  Injector  Cups 
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« 
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Cracked   Injector   Body  or   Cup 
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Mutiliated   Injector  Cup  "O"   Ring 
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Throttle   Linkage 

0 
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Incorrectly  Assembled  Idle  Springs 
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Governor  Weights  Assembled  Incorrectly 
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High-Speed   Governor   Set  Too   Low 
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External   and   Internal   Oil    Leaks 
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Dirty   Lube  Oil   Strainer 
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Faulty  Oil   Pressure   Regulator 

0 

Crankcase   Low  or   Out   of  Oil 

— 

— 

0 

0 
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0 

0 

Wrong  Grade  Oil  for  Weathor  Conditions 

A 

0 

Insufficient   Coolant 

0 

0 

0 

Worn   Water  Pump 

A 

0 

0 

Faulty   Thermostats 

— 

0 

0 

0 

0 

0 

Damaged  Water   Hose 

0 

0 

0 

Loose   Fan   Belts 

0 

0 

0 

Radiator  Shutters  Stuck   Open 

0 

fl 

VCTPI                   Clogged   Water   Passages 

0 

0 

0 

SYSTEM                   Internal   Water   Leaks 

9 

Clogged   Oil   Cooler 

0 

0 

Radiator  Core  Openings  Dirty 

0 

0 

0 

Air   in   Cooling   System 

0 

0 

0 

Exterior   Water   Leaks 

0 

0 

0 

Insufficient   Radiator  Capacity 

0 

0 

0 

Dirty   Filters   and   Screens 

0 

• 

4 
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0 

OPERATION              Long  Idle  Periods 

9 

0 

0 

9 

0 

0 

0 

AND                       Engine   Overloaded 

0 

• 

0 

PBArTirF^E        Lube  °''  Needs  Chans|nB 

C 

( 

0 

0 

rnnv>noc.a               Engine   Exterior  Caked   with    Dirt 

0 

0 

0 

, 

Gasket   Blow-by  or  Leakage 

0 

0 

0 

0 

Faulty  Vibration   Damper 

c 

0 

Unbalanced  or   Loose   Flywheel 

0 

0 

Valve   Leakage 

0 

0 

0 

0 

Broken   or  Worn   Piston   Rings 

0 

0 

0 

« 
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0 

Incorrect   Bearing  Clearances 

0 

0 

0 

0 

0 

0 

Excessive  Crankshaft   End   Clearance 

0 

0 

0 

Main   Bearing   Bore  Out   of   Alignment 

0 

0 

0 

XIUSTMENTS           Damaged   Main  or  Rod   Bearings 

0 

0 

0 

OR                          Broken   Tooth   In  Gear  Train 

0 

0 

REPAIR                    Excessive   Gear   Back   Lash 

0 

0 

Misalignment  Engine  to  Driven  Unit 

0 

0 

0 

0 

Loose   Mounting   Bolts 

- 

~| 

— 

0 

0 

Maintenance  Operations 


Lubricating  System  Maintenance 


Lubricating  oil  performs  four  functions  in  an  engine: 

Reduces  friction  (heat  and  wear)  by  providing  a  film  be- 
tween bearing  surfaces. 

Scavenges  by  picking  up  carbon  and  other  small  particles, 
carrying  them  to  the  oil  filter  where  they  are  taken  out  of 
circulation. 

Cools  pistons,  liners  and  bearings  and  absorbs  heat  from 
the  engine.  This  heat  is  then  dissipated  by  radiation  from 
the  pan  and  by  an  oil  cooler.  It  is  important  that  air  be 
free  to  flow  around  the  oil  pan. 

Completes  the  seal  of  rings  to  pistons  and  cylinder  walls. 
There  are  two  broad  classes  of  lubrication  failures: 

Those  caused  by  running  an  engine  without,  or  low  on,  oil 
resulting  in  seizures  of  pistons  or  bearings  within  minutes. 

Failures  due  to  poor  or  marginal  lubrication,  from  low  oil 
pressure,  dilution,  partially  clogged  oil  passages  and  dirty 
or  clogged  lubricating  oil  filters  or  improper  clearances. 

Perform  each  of  the  following  operations  that  applies  to 
a  particular  engine  application. 


Engine  Oil  Change 

The  kind  of  oil  used  (Mil-u-2104A,  Supplement  1,  Mil-L 
2104B,  etc.),  the  efficiency  of  the  filtering  system  and  cor 
dition  of  the  engine  must  all  be  considered  in  determinin 
when  to  change  oil. 


1.  Remove  pipe  plug  from  bottom  of  oil  pan;  drain   oil   in 
suitable  container.  Do  not  install  plug  until  all  oil  has  draii 
ed  from  engine. 

2.  Install   drain  plug  and  torque  to  60/70  ft-lb;  fill   crankcas 
to  high  level  on  dipstick. 


Table  5-1:  Suggested  Initial  Oil  and  Filter  Change  Period 


Filtering 
Arrangement 


Distance 

Fuel  Used     Driven  Hours 

Gal  [Lit]        Mi.  [Km]        Operatei 


Full-Flow  Paper 
Element  Only 
Full-Flow  Paper 
&.  By-Pass 

800 
[3028.000] 
1,200 
[4542.000] 

7,000               260 
[11,265.100] 
12,000             375 
[19,311.600] 

Engine  Oil  Level 

1.  Check   oil    level    with    dipstick   oil   gauge    located    on   the 
engine.    For    accurate    readings,    oil    level    should    not   be 
checked  for  approximately  30  minutes    after  engine   shut- 
down. Keep   dipstick  with   the  oil   pan   with   which    it  was 
originally   shipped.    Keep   oil   level   as    near   "H"   mark   as 
possible. 

Caution:  Never  operate  the  engine  with  oil  level  below  the 
"L"  mark  or  above  the  "H"  mark. 

2.  Add  oil  as  necessary  of  the  same  quality  and  brand  as  al- 
ready in  engine 

Check  For  Leaks  And  Correct 

Check  for  evidence  of  external  oil  leakage.  Tighten  cap- 
screws,  fittings,  connections  or  replace  gaskets  as  neces- 
sary to  correct.  Check  oil  dipstick  and  filler  tube  caps. 
See  that  they  are  tightened  securely. 


Paper  Element  Type 

1.  Remove  drain  plug  from  filter  case  and  allow  oil  to  drai 
Fig.  5-5. 

2.  Loosen  center  bolt  and  remove  filter  case  from  filter  hea 
Some  filters  use  the  same  case  as  the  bag-type  eleme 
and  should  be  disassembled  in  a  similar  manner. 

3.  Withdraw  filter  element.  Inspect,  then  discard. 

Note:  Inspect  for  metal  particles.  If  metal  is  foun 

a  check  of  connecting  rods  and  main  bearing  shells  shou 
be  made  at  once. 

4.  Remove  seal  ring  from  filter  head  and  discard. 

5.  Clean  filter  case  thoroughly. 


RECORD  OIL  PRESSURE 

Start  the  engine  and  operate  at  800  to 
1000  rpn  until  oil  temperature  gage  reads 
140°F.  Reduce  engine  speed  to  idle  and 
record  oil  pressure.  A  comparison  of 
pressure  at  idling  speed  with  previous 
readings  will  give  indication  of  prog- 
ressive wear  «£  lubricating  oil  pump, 
bearing  shells,  shafts,  etc.  These 
readings  are  more  accurate  and  reliable 
when  taken  immediately  after  an  oil 
change* 


Fig.  5-5.    Removing  lubricating  oil  filter  drain  plug 
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Check  to  make  sure  element  end  seals  are  in  place  and 
install  new  element  over  pilot  valve  assembly. 

Position  new  seal  ring  in  place;  assemble  filter  case  to 
head  and  tighten  center  bolt  (if  used)  to  25/35  ft-lb  [3.457S/ 
4,8405  kg  m]. 

Check  oil  level.  Run  engine  and  check  for  leaks. 

Recheck  engine  oil  level;  add  oil  as  necessary  to  bring  oil 
level  to  "H"  mark  on  dipstick. 

Note:  Always  allow  oil  to  drain  back  into  oil  pan  before 
checking  level. 


4.  Clean  housing  and  hold-down  assembly  in  solvent. 

5.  Inspect  hold-down  assembly  spring   (5)  and  seal  (6).  Re- 
place if  damaged. 

6.  Inspect  drain  plug  and  connections.  Replace  plug. 

7.  On  the  ^  by-pass  filter,  check  orifice 
plug  (7)  inside  oil  outlet  connection  or  standpipe;  blow  out 
with  air  jet  to  make  sure  orifice  is  open  and  clean. 

8.  Check  filter  cover  "O"  ring  (8).  Replace  if  damaged  or  de- 
teriorated. 

9.  Install  new  element  in  housing. 

10.  Replace  hold-down  assembly  in  filter  and  tighten  down  to 
stop. 

11.  Position  cover  "O"  ring  seal. 


Change  By-Pass  Filter  Element 


Change  by-pass  filter  element  on  engine  so  equipped  as 
follows: 

Remove  drain  plug  (1,  Fig,  5-10)  from  bottom  of  housing 
and  drain  oil. 

Remove  clamping  ring  capscrew  (2)  and  lift  off  cover. 

Unscrew  pack  hold-down  assembly  (3);  lift  out  element  (4) 
and  hold-down  assembly.  Discard  element. 


Fig.  5-10.    By-pais  filter  crou  section 
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Install    cover   and    clamping    ring;   tighten    capscrew    until 
clamping  lugs  come  together. 

Add  enough  extra  oil  to  crankcase  to  fill  case  and  element. 


Loosen  vent  plug   in  cover  and  start  engine.  Close  vent 
plug  when  oil  reaches  vent. 

Caution:  Never  use  a  by-pass  filter  in  place  of  a  full-flow 
filter. 


purposes,   remove    plugs,   install   grease   fittings   and   give 
one  "shot"  (approx.  1   tablespoon)  of  grease  at  each 
check. 

Caution:  After  lubricating  fan  hub,  be  sure  to  remove 
grease  fittings  and  replace  plugs.  Grease  fittings  would  al- 
low grease  to  be  thrown  out,  due  to  rotative  speed. 

3.  Completely  disassemble,  clean  and  inspect  water  pump  and 
fan  hub  at  each  third  Check. 

4.  If  fan  hub  has  no  provisions  for  greasing, 
disassemble,  clean  and  inspect  at  each  second          check. 

5.  Pack  bearings  and  fill  fan  hub  bearing 
cavities   A/J    to   Va   full   of  multi-purpose   industrial   grease 
meeting  specifications. 


Lubricate 


Fan  Hub 


Fan  hub  contains  plugged  holes  (1,  Fig.  5-11)  for  greasing 


Fig.  5-11.    Fan  hub  lubricating  points 
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Fuel  System  Maintenance 


Fuel  should  always  be  strained  or  filtered  before  being  put 
into  the  supply  tank  of  an  engine.  This  will  lengthen  the 
life  of  the  engine  fuel  filter  and  reduce  the  chances  of  dirt 
getting  into  the  fuel  pump. 

Fuel  filter  elements  are  designed  to  trap  dirt  and  sediment 
that  has  entered  the  fuel  system.  A  filter  that  has  been 
allowed  to  become  dirty  and  clogged  from  overuse  will  be 
more  of  a  handicap  than  help  in  an  engine.  It  will  allow 
damaging  sediment  and  dirt  to  circulate  through  the  fuel 
system  and  will  restrict  the  flow  of  fuel,  thereby  reducing 
horsepower  output. 

Excessive  amounts  of  water  in  the  fuel  will  cause  rusting 
and  corrosion  in  the  injectors  as  well  as  in  fuel  pump 
shafts,  bearings  and  other  parts.  In  some  sections  it  is  dif- 
ficult to  purchase  fuel  that  does  not  contain  some  water. 

Normal  condensation,  either  in  the  storage  tank  or  in  the 
fuel  tank,  increases  water  content.  This  water,  of  course, 
must  be  filtered  out  or  drained  off  before  it  gets  into  the 
fuel  pump.  The  life  of  a  fuel  pump  and  injectors  can  be 
considerably  extended  if  the  operator  takes  the  precaution 
of  draining  about  a  cup  of  fuel  from  the  lowest  point  in 
the  fuel  system  before  starting  the  engine  each  day. 

Drain  plugs  are  located  in  the  bottom  of  some  fuel  filter 
cases,  and  in  the  sump  of  the  fuel  supply  tank.  More  con- 
densation of  water  vapor  occurs  in  a  partially  filled  fuel 
tank  than  in  a  full  one.  Therefore,  fuel  supply  tanks  should 
be  kept  as  nearly  full  as  possible.  Warm  returning  fuel 
from  the  ihjectors  heats  the  fuel  in  the  supply  tank.  If  the 
fuel  level  is  low  in  cold  weather  the  upper  portion  of  the 
tank  not  being  heated  by  returning  fuel  tends  to  increase 
condensation.  In  warm  weather  both  the  supply  tank  and 
fuel  are  warm.  At  night,  however,  the  cool  air  lowers  the 
temperature  of  the  tank  much  more  rapidly  than  the  tem- 
perature of  the  fuel.  Again  this  tends  to  increase  conden- 
sation. 

In  cold  weather,  water  that  accumulates  in  the  fuel  system 
will  sometimes  freeze  and  block  the  supply  of  fuel.  This 
condition  can  be  prevented  by  adding  1  qt  [0.9463  lit]  of 
denatured  alcohol  to  each  50  gal  [41.6335  U.K.  gal  or  189.- 
2500  lit]  of  fuel  oil.  This  not  only  prevents  the  water  from 
freezing  but  allows  it  to  go  into  solution  with  the  alcohol 
and  fuel  oil  so  it  can  pass  through  the  fuel  system  and  be 
"burned"  without  doing  any  damage. 


Check  Leaks  And  Correct  (Daily-8  hr) 

1.  Check  for  evidence  of  fuel  leakage. 

a.  Check  fuel  pump  and  filter. 

b.  Check  fuel  supply  line  and  connections  at  fuel  tank,  fu 
filter  and  fuel  pump. 

c.  Check  fuel  inlet  tube  and  connections  at  fuel  pump  shi 
down  valve. 

d.  Check  all  fuel  supply  and  drain  lines,  connections  and  fi 
tings  on  cylinder  heads. 

e.  Check    fuel    lines  and    tubing    between    engine    and    fu 
tank(s). 

2.  If  there  are  indications  of  air  leaks  on  suction  side  of  fu 
pump,  check  for  air  leaks  by  placing  a  sight  gauge  in  tl 
line   between   fuel   filter   and   pump.   Bubbles   over   Vj    i 
[12.7000  mm]  long  or  "milky"  appearance  indicates  an  E 
leak.  Find  and  correct.  See  (3,  Fig.  5-12). 


Drain  Sediment  From  Filter   (Daily-8  hr) 

1.  Loosen  the  drain  cock,  if  used,  at  the  bottom  of  the  fu 
filter  case  and  drain  out  any  accumulated  water  and  sec 
ment.  Tighten  the  drain  cock. 

2.  Unscrew   throw-away   type    elements   without    drain    coc 
dump  water  and  sediment.  Fill  element  with  clean  fuel  ar 
reinstall  to  head. 


Fill  Fuel  Tank(s)    (Daily-8  hr) 

Always  filter  or  strain  the  fuel  before  or  while  putting  it  in 
the  tank(s).  See  "Fuel  Oil  Specifications",  Page  3-3. 


31ean  Fuel  Tank  Brother  and  Drain 
Sediment  from  Tank 

1.  Clean  tank  breather  in  cleaning 
solvent  and  dry  with  compressed  air. 

2t  Loosen  fuel  tajjk  drain  cock  or  plug 
and  dfcain  approximately  1  cup  of  fuel. 
Clase  cock  or  Install  plug. 

Change  Fuel  Filter  Element 


Normally  the  fuel  filter  element  is 
changed  monthly  or  at  200  hours;   how- 
ever,  contaminated  fuel  may  require 
more  frequent  changes.     The  following 
paragraph  describes  the  method  of 
determining  fuel  filter  element  change 
period  by  measurement  of  fuel  restric- 
tion. 


Cheek  Fuel  Restriction 

To  check  restriction,  connect  ST-434  Vacuum  Gauge  (1, 
Fig.  5-12)  to  the  fuel  pump,  using  the  special  adapter  (2) 
furnished.  If  restriction  reads  8  to  8.5  inches  vacuum  while 
the  engine  is  running  at  full  speed  and  load,  change  ele- 
ment or  remedy  other  sources  of  restriction.  When  restric- 
tion becomes  as  great  as  10  or  11  inches  vacuum,  the  en- 
gine will  lose  power. 


Fig.  5-12.    Checking  fuel  filler  restriction  N21910 


Replaceable  Element  Filter 

1.  Remove  drain   plug  from  bottom  of  filter  case   and  drain 
contents. 

2.  Loosen  nut   at  top  of  fuel  filter.  Take  out  dirty   element, 
clean  filter  case  and  install  a  new  element.  Fig.  5-14. 

3.  Install  a  new  gasket  in  filter  head  and  assemble  case  and 
element.  Tighten  center  bolt  to  20/25  ft-lb  [2.7660/3.4575  kg 
m]  with  a  torque  wrench.  Fill  filter  case  with  clean  fuel  to 
aid  in  faster  pick-up  of  fuel. 

4.  Check  fittings  in  filter  head  for  leaks.  Fittings  should  be 
tightened  to  30/40  ft-lb  [4.1490/5.5320  kg  m]. 


Fig.  5-14.    Installing  replaceable  element  fuel  filter 


V11910 


(Not  used.) 


I 


LEAN  FUEL  PUMP  SCREEN  AND  MAGNET  (Sezni- 
nnual/500  hr) 

.emove  and  clean  fuel  pump  screen  and 
agnet  semi-annually  or  every  500  hours 
f  operation  as  described  in  Part  3» 
nit  502. 


Fig.  5-17.    Removing  injector  inlet  screens 
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Mean  And  Calibrate  Injectors    (Annual/1000  Hr) 

/lean  and  calibrate  injectors  regularly  to  prevent  restriction 
if  fuel  delivery  to  combustion  chambers. 


"o    clean    and    calibrate    injectors,    refer   to  Part;  3» 

rnlt  600. 

3 

Jlean  Injector  Inlet  Screens  (Semi-annual/ 500  hr) 


iach  fuel  inlet  connection  has  a  fine  mesh  screen  at  the 
arge  end.  This  screen  is  the  last  protection  against  dirt 
intering  the  injector. 

"o  clean:  Remove  the  strainer  screen.  Fig.  5-17.  Wash  in 

iolvent  and  dry  with  compressed  air;   reassemble   as   re- 

noved. 

JOTE:   In  event  contaminated  fuel  is 

mcountered.  injector  inlet,  screens 

should  be  cleaned  immediately. 

Adjust  Injectors  And  Valves  (Annual/1000  hr) 

t  is  essential  that  injectors  and  valves  be  in  correct  adjust- 
nent  at  all  times  for  the  engine  to  operate  properly.  One 
;ontrols  engine  breathing;  the  other  controls  fuel  delivery 
o  the  cylinders. 

Final    adjust- 

nent  must  be  made  when  the  engine  is  at  operating  tern- 
lerature.  Injectors  must  always  be  adjusted  before  valves, 
"he  procedure  is  as  follows: 


'iming  Mark  Alignment 

f  used,  pull  compression  release  lever  back  and  block  in 


open  position  to  lift  all  intake  valves.  This  allows  the 
crankshaft  to  be  rotated  without  working  against  compres- 
sion. 

Bar  engine  in  direction  of  rotation  until  No.  1  VS  mark  ap- 
pears. See  Fig.  5-18  for  location  of  valve  set  marks.  In  this 
position,  both  intake  and  exhaust  valves  must  be  closed 
for  cylinder  No.  1;  if  not,  advance  crankshaft  one  revolu- 
tion. 

Adjust  injector  plunger,  then  crossheads  and  valves  of  first 
cylinder  as  explained  in  succeeding  paragraphs.  Turn  crank- 
shaft in  direction  of  rotation  to  the  next  VS  mark  corre- 
sponding to  firing  order  of  the  engine  and  the  correspond- 
ing cylinder  will  be  ready  tor  adjustment. 


4.  Firing  order  is  as  follows: 


Fig.  5-18.    Valve  set  marks 
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Maintenance  Operations 


Table  5-2:  Engine  Firing  Order 

No.  of 
Cylinders 


140°  F  [60°  C]  oil  temperature,  reset  the  injectors. 


Left-hand 
Rotation 


6 


1-4-2-6-3-5 


Note:  Number  one'  cylinder  is  at  the  gear  case  end  of  the 
engine. 

5.  Continue  turning   crankshaft  in   direction   of   rotation    and 
making  adjustments  until  all  injectors  and  valves  have  been 
correctly  adjusted. 

Note:  Two  complete  revolutions  of  the  crankshaft  are  need- 
ed to  set  all  injector  plungers  and  valves.  Injector  and 
valves  can  be  adjusted  for  only  one  cylinder  at  any  one 
"VS"  setting. 

6.  On  engines  without  a  compression  release,  turn  each  in- 
take valve  adjusting  screw  down  one-half  turn  from  adjust- 
ed  position    before   turning   the    crankshaft.   Then,    adjust 
injectors  and  valves  on  each  cylinder  in  manner  described. 


Injector  Plunger  Adjustment 

The  injector  plunger  must  be  adjusted  with  an  inch-pound 
torque  wrench  to  a  definite  torque  setting. 

See  Fig.  5-19. 

1.  Turn  adjusting  screw  down  until  plunger  contacts  cup  and 
advance  an  additional  15  degrees  to  squeeze  oil  from  cup. 

2.  Loosen   adjusting    screw   one   turn;   then,    using    a   torque 
wrench  calibrated  in  inch-pounds  and  a  screwdriver  adapt- 
er, tighten  the  adjusting  screw  to  values  shown  in  Table  5-3 
for   cold    setting    and    tighten    the    locknut    to    60/70   ft-lb 
[8.2980/9.6810  kg  m].  After  all  injectors  and  valves  are  ad- 
justed  and   engine   has  been   started   and  warmed   up  to 


Table  5-3:  Injector  Plunger  Adjustment — In.-Lb  [kg  m] 


Oil  Temperature 
(70°  F  [21.1°  C]) 


48  [0.5520] 


Oil  Temperature 
(140°  F  [60°  C]) 

60  [0.6900] 


Crosshead  Adjustments 

On  engines  having  four-valve  heads,  it  is  necessary  to  ai 
just  the  crossheads  before  making  valve  adjustments. 

1.  Loosen  valve  crosshead  adjusting  screw  locknut  and  bat 
off  screw  (4,  Fig.  5-20)  one  turn. 

2.  Use   light  finger  pressure  at  rocker  lever -contact  surfac 
(1)  to  hold  crosshead  in  contact  with  valve  stem  (2)  (witl 
out  adjusting  screw). 

3.  Turn  down  crosshead  adjusting  screw  until  it  touches  vah 
stem  (3). 

4.  With  new  crossheads  and  guides,  advance  setscrew  an  ai 
ditional  one-third  of  one  hex  (20°)  to  straighten  stern  on  i 
guide  (5)  and  compensate  for  slack  in  threads.  With  wo 
crossheads  and  guides,  it  may  be  necessary  to  advanc 
(screw  as  much  as  30°  to  straighten  stem  on  its  guide. 

5.  Hold  adjusting  screw  in  this  position  and  tighten  locknut 
25/30  ft-lb  [3.4575/4.1490  kg  m]. 

6.  Check  clearance  between  crosshead  and  valve  spring  r 
tainer  with  wire  gauge.  There  must  be  a  minimum  of  0.0! 
:in.  [0.5080  mm]  clearance  at  this  point. 


vaiva  Adjustment 


clearances  are  snown  in  laoie  o-<». 


The  same  engine  position  used  in  adjusting  Injectors  Is 
used  for  setting  intake  and  exhaust  valves. 

While  adjusting  valves  make  sure  that  the  compression  re- 
lease (on  those  engines  so  equipped)  is  In  running  posi- 
tion. 

Loosen  locknu-t  and  back  off  the  adjusting  screw.  Insert 
feeler  gauge  between  rocker  lever  and  top  of  the  valve 
stem  or  crosshead.  Fig.  5-21.  Turn  screw  down  until  lever 
just  touches  gauge;  lock  adjusting  screw  in  this  position 
with  locknut. 

Torque  locknut  to  60/70  ft-lb  [8.2980/9.6810  kg  m].  Fig.  5-22. 

Always  make  final  valve  adjustment  after  injectors  are  ad- 
justed and  with  the  engine  at  operating  temperature.  Valve 


Table  5-4:  Valve  Clearance  —  In.  [mm] 


5-21.    Setting  valve  clearance 
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Intake  Valves 
OH  Temperature 
70°F[21.1°C]    140°F[60°C] 


Exhaust  Valves 
Oil  Temperature 
70°F[21.1°C]    140°F[60°C] 


0.017 
[0.43181 


0.015 
[0.3810] 


0.027 
[0.6858] 


0.025 
[0.6350] 


Check  Fuel  Manifold  Pressure   (Annual/1000  hr) 

1.  Check  maximum  fuel  manifold  pressure  with  ST-435.  Fig. 
5-23,  Remove  plug  from  shut-down  valve  and  connect  gauge 
line.  Run  engine  up  until  governor  "cuts  in"  and  check  maxi- 
mum pressure  reached.  Compare  with  previous  readings  to 
determine  If  fuel  pressure  output  is  satisfactory.  Normally 
this  check  is  required  only  if  loss  of  power  is  suspected. 


2,  Always  make  preceding  checks  on  a  hot  engine  and  op- 
erate engine  for  a  minimum  of  five  minutes  between  checks 
to  clear  system  of  air. 


Fig.  5-23.    Checking  fuel  manifold  prettur* 
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Fig.  6-22.    Torqulng  valve  rocker  lever  locknut  with  ST-669 
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Maintenance  Operations 


Cooling  System  Maintenance 


Many  operators  have  been  shocked  to  find  water  in  the 
crankcase  and  to  learn  that  it  got  there  through  "pin  holes" 
or  pitted  areas  that  started  on  the  water  side  of  the  cylin- 
der liners. 

This  "eating  away  of  metal"  or  corrosion,  as  it  is  commonly 
called,  is  likely  to  occur  in  any  heating  or  cooling  system. 
Corrosion  may  or  may  not  be  associated  with  iron  rust  and, 
as  a  result,  may  not  show  up  in  the  coolant. 

Research  has  shown  that  there  are  many  causes  of  corro- 
sion and  among  the  most  serious  are  acid,  salt  or  aeration 
of  the  coolant.  Acid  and  salt  can  be  controlled  by  a  prop- 
erly maintained  corrosion  resistor  as  described  in  the  fol- 
lowing paragraphs. 

Aeration  refers  to  the  air  bubbles  that  may  be  drawn  into 
the  radiator  core  tubes,  then  into  the  water  pump  and  en- 
gine. The  worst  effect  of  aeration  is  the  loss  of  water  pump 
prime  due  to  an  accumulation  of  air  resulting  in  complete 
flow  stoppage.  Entrained  air  promotes  accelerated  internal 
corrosion.  Entrained  air  in  the  coolant  will  increase  the 
temperature  differential  from  the  combustion  gases  to  the 
water  due  to  the  reduction  in  heat  transfer. 

An  open  (non-baffled)  radiator  top  tank  is  often  the  cause 
of  air  entering  the  system.  Due  to  the  high  velocity  of  the 
coolant  entering  the  top  tank,  the  surface  becomes  very 
agitated  and  tends  to  draw  air  into  the  core  tubes  along 
with  the  coolant.  It  is  very  difficult  on  many  units  to  com- 
pletely fill  the  cooling  system  at  initial  fill,  due  to  the  trap- 
ping of  air  in  pockets  in  the  engine  or  other  parts  of  the 
system.  The  system  should  be  bled  of  air  or  refilled  after 
a  short  period  of  operation  to  purge  the  coolant  of  air. 


Check  And  Adjust  Belt  Tension  (Weekly/4- 

The  service  life  of  belts  used  to  drive  fans,  water  f 
and  generators/alternators  can  be  greatly  extende 
proper  installation,  adjustment  and  maintenance  prac 
Neglect  or  improper  procedures  often  lead  to  proble 
cooling  or  bearing  failures,  as  well  as  short  belt  life 
lowing  are  the  most  important  rules  to  be  observed  : 
tend  belt  life. 


Fill  Cooling  System  (Daily/8  hr) 

Keep  cooling  system  completely  filled.  Check  the  coolant 
level  daily  or  at  each  fuel  fill  point.  Investigate  for  cause 
of  coolant  loss.  Recheck  the  level  after  engine  reaches  nor- 
mal operating  temperature.  At  operating  temperature  the 
thermostat  is  open  and  water  is  free  to  circulate  to  all  parts 
of  the  system  and  fill  all  air  pockets. 


Check  Leaks  And  Correct  (Daily/8  hr) 

Check  for  evidence  of  external   coolant  leakage,  Tighten 
capscrews,   hose   clamps,  fittings   and   connections   or   re- 


Maintenance  operations 


Installation 

Always  shorten  distance  between  pulley  centers  so  belt 
:an  be  installed  without  force.  Never  roll  or  tighten  a  belt 
over  the  pulley  and  never  pry  it  on  with  a  tool  such  as  a 
screwdriver.  Both  of  these  methods  will  damage  belts  and 
cause  early  failure.  Diagonal  cuts  on  a  failed  belt  indicate 
that  the  failure  was  caused  by  rolling  a  tight  belt  over  the 
pulley.  Cuts  from  prying  a  belt  in  place  may  be  either  di- 
agonal or  vertical. 

Always  replace  pairs  of  belts  in  complete  sets  to  prevent 
early  failure  and  to  provide  efficient  operation.  Belt  riding 
depth  should  not  vary  over  Vi6  in.  [1.5875  mm]  on  matched 
belt  sets. 

Pulley  misalignment  must  not  exceed  Vie  in-  [1.5875  mm] 
for  each  ft  (30.48  cm]  of  distance  between  pulley  centers. 

Belts  should  not  bottom  on  the  pulley  grooves  nor  should 
they  protrude  over  %2  in.  [2.3811  mm]  above  top  edge  of 
groove. 

Do  not  allow  belts  to  rub  any  adjacent  parts. 


Fig.  5-26.    Checking  belt  tension   manually 
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and  must  be  readjusted.  Readjust  as  described  under  "Belt 
Tension". 


Belt  Tension 


Tighten  belts  until  a  reading  of  90  to  110  pounds  is  indi- 
cated on  ST-968  Belt  Tension  Gauge.  Fig.  5-25. 

If  belt  tension  gauge  is  not  available,  tighten  belts  so  that 
the  pressure  of  the  index  finger  will  depress  belt  as  shown 
in  Table  5-5.  The  index  finger  should  be  extended  straight 
down  from  the  hand;  in  this  manner,  force  will  be  approxi- 
mately 13  Ib  [5.8968  kg].  Fig.  5-26. 


Table  5-5:  Belt  Tension  —  In.  [mm] 


Belt  Width 


Deflection  Per  Ft  [30.48  cm]  of  Span 


'/»  [12.7000] 
'Vie  [17.4625] 
JA  [19.0500] 
'/.  [22.2250] 
1   [25.4000] 

13/32    [10.3187] 

13/32  [10.3187] 
7/ie  [11.1125] 
Vi  [12.7000] 
s/16  [14.2875] 

Readjusting  New  Belts 

All  new  belts  will  loosen  after  running  for  an  hour  or  more 


Fig.  5-25.    Checking  belt  tension  with  ST-968  gauge 
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Belt  Care  And  Maintenance 

Belts  often  slip  or  squeak  because  of  the  glaze  that  forms 
due  to  dirt  or  steam  cleaning. 

To  clean  a  belt,  wipe  it  off  with  approved  belt  lubricant  or 
hydraulic  brake  fluid.  Cleaning  in  this  manner  will  eliminate 
most  cases  of  squeaking. 

Do  not  tighten  belt  beyond  figures  given  to  eliminate  belt 
squeak.  Squeak  does  not  necessarily  mean  belt  slippage. 
Tightening  to  excess  may  damage  bearings  as  well  as  belts. 


Check  Engine  Coolant  (Monthly/200  hr) 

Periodic  tests  of  engine  coolant  should  be  made  to  insure 
that  the  frequency  of  corrosion  resistor  servicing  or  con- 
centration of  chromate  is  adequate  to  control  corrosion  for 
the  specific  condition  of  operation. 

When  using  plain  water  in  a  cooling  system  with  a  corro- 
sion resistor  (with  chromate-tvpe  element  or  when  trnatlnn 


with  chromate  compounds,  the  concentration  of  effective 
inhibitor  dissolved  in  the  coolant  can  be  measured  by  the 
color  comparison  method. 


Most  commercially  available  antifreezes  contain  a  coloring 
dye  that  renders  the  color  comparison  method  ineffective. 
When  colored  antifreezes  are  present  in  the  coolant,  effec- 
tive control  of  corrosion  can  be  determined  by  inspecting 
the  coolant  for  accumulation  of  reddish-brown  or  black, 
finely  granulated  dirt.  A  small  amount  of  corrosion  pro- 
duces significant  quantities  of  these  corrosive  materials; 
therefore,  if  corrosion  resistor  servicing  is  adjusted  at  the 
first  indication  of  accumulation  of  these  materials,  actual 
corrosion  will  be  limited  to  a  negligible  amount. 

Examine  the  sump  of  corrosion  resistor  for  these  "dirt" 
materials  at  time  of  servicing  or  inspect  for  them  in  a  small 
sample  of  coolant  drained  from  the  bottom  of  the  radiator 
after  allowing  coolant  to  settle. 

Note:  Use  of  chromate  compound,  added  to  the  coolant 
without  a  corrosion  resistor,  with  antifreeze  is  not  recom- 
mended. 


pH  Value  Test 


Chromate  Concentration  Test 

1.  Draw  sample  of  coolant  and  pour  into  tube  marked  "chroi 
ate". 

2.  Insert  sample  into  comparator  hole  marked  "chromate". 

3.  Compare    color   of   test   sample   with    color   standards    i 
either  side.  Preferred  range  is  100  to  150  grains  per  gall' 
or  1700  to  2500  parts  per  million  (ppm)   as  the  standar 
indicate. 

4.  Wash  out  test  tubes  after  each  test. 


Adjusting  Coolant  To  Specifications 

If  the  preceding  tests  indicate  that  the  coolant  is  outsii 
of  specifications,  make  an  adjustment  immediately  to  pr 
vent  corrosion. 

If  the  Corrosion  Resistor  is  used,  change  the  el 

ment,  Fig.  5-28,  and  run  engine  four  to  six  hours;  th 
check  coolant  again;  in  extreme  cases  it  may  be  necesss 
to  change  element  a  second  time.  However,  the  latter  co 
dition  may  be  due  to  a  larger  coolant  system  than  the  c< 
rosion  resistor  was  designed  to  treat;  note  reference 
resistor  label. 


1.  Separate  tubes  marked  "pH"  are  furnished  in  the  test  kit. 
Select  a  tube  and  fill  to  mark  with  coolant  to  be  checked. 

2.  Add    eight   drops    of   the    pH    Reagent   to    tube    and    mix 
thoroughly. 

3.  Insert  the  tube  in  the  comparator  hole  marked  "pH". 

4.  Compare   color   of   test   sample   with    color   standards    on 
either  side.  Preferred  range  is  8.3  to  9.5. 

5.  Wash  out  test  tubes  after  each  test  and  keep  reagent  con- 
tainer caps  in  place. 


Table  5-6:  Comparison  Units  Chromate  Concentration 
Ounces  Per  Gallon     Parts  Per  Million      Grains  Per  Galloi 


0.16 
0.32 
0.50 


850 

1700 

2550 


50 

100 

150 


Fig.  5-27.    ST-993  Coolant   Checking   Kit 
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If  chromate  compounds  are  used,  add  enough  compou 
to  bring   concentration   to   proper  level.   Normal   usage 
YJ  oz  [14.7869  cc]  chromate  for  aach  1  U.S.  gat  [0.8327  U. 
gal  or  3.785  lit]  of  coolant. 

Caution:  Each  time  coolant  is  added  to  engine,  or  wh 
coolant  is  drained  and  replaced,  chromate  concentrati 
must  be  rechecked   and   brought  up   to   proper  value 
adding  chromate  compound  or  new  corrosion  resistor  e 
ment. 


Change  Corrosion  Resistor  (Monthly/200  hr) 

Change  corrosion  resistor  element  at  each  "C"  check  i 
less  facilities  are  available  for  testing.  See  "Check  Engi 
Coolant",  preceding.  Change  element  when  concentrati 
drops  below  100  grains  per  gallon. 


To  Change  Element: 

1.  Close  shut-off  valves  on  inlet  and  drain  line 


plug  at  bottom  of  housing. 

iemove  cover  capscrews  and  cover. 

Jemove  plate  securing  element;  lift  element  from  housing 
md  discard.  Remove  plate  below  element. 

.ift  spring  from  housing. 

'olish  plates.  If  less  than  half  of  metal  plates  can  be  ex- 
>osed  by  polishing,  install  new  plates. 

Jeplace  spring  and  lower  plate. 

Remove   transparent   bag   from    new   element;    install    ele- 
nent  in  housing.  Fig.  5-28. 

Replace  upper  plate,  gasket  and  cover. 

Replace  drain  plug  and  open  shut-off  valves  in  inlet  and 
Irain  lines. 


Fig.  B-28.    Changing  corrosion   resistor  element 
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The  lower  value  indicates  where  thermostat  starts  to  open 
and  the  higher  value  where  it  is  fully  open.  Check  stamp- 
ing on  thermostat;  install  new  thermostat  with  same  range 
as  the  one  removed. 

The  opening  and  closing  of  thermostats  can  be  checked 
against  a  thermometer  while  immersed  in  water  as  the  water 
is  brought  up  to  temperature  by  heating.  Fig.  5-29. 


Check  Thermal  Controls  (Semi-annual/500  hr) 
rhermostat 

The  engine  is  equipped  with  a  1?0-180°F 
thermostat. 


Maintenance  Operations 


Clean  Cooling  System  (Spring  And  Fall) 

The  cooling  system  must  be  clean  to  do  its  work  prope 
Scale  in  the  system  slows  down  heat  absorption  from  wf 
jackets  and  heat  rejection  from  the  radiator.  Use  cli 
water  which  will  not  clog  any  of  the  hundreds  of  small  p 
sages  in  the  radiator  or  water  passages  in  the  block. 

Clean  out  radiator  cores,  heater  cores,  oil  cooler  and  hi 
and  block  passages  which  have  become  clogged  with  sc 
and  sediment  by  chemical  cleaning,  neutralizing  and  flu 
ing. 


Fig.   6-29.    Tooting   thermostat 
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Check  Fan  Hub  And  Drive  Pulley  (Semi-annual/ 
500  hr) 

Check  fan  hub  and  drive  pulley  to  be  sure  that  they  are 
mounted  securely. 

Tighten  fan  capscrews  each  check.  Check  drive  pulley 
for  looseness  or  wobble  and,  if  necessary,  remove  fan  and 
hub  and  tighten  the  shaft  nut.  Tighten  the  bracket  cap- 
screws. 


Chemical  Cleaning 

The  best  way  to  insure  an  efficient  cooling  system  is  to  p 
vent  formation  of  rust  and  scale  by  using  a  C 

rosion  Resistor,  but  if  they  have  collected,  the  system  m 
be  chemically  cleaned.  Use  a  good  cooling  system  clea 
such    as    sodium    bisulphate    or   oxalic    acid    followed 
neutralizer  and  flushing. 


Pressure  Flushing 

Flush  the  radiator  and  block  when  anti-freeze  is  added 
removed,  or  before  installing  a  Corrosion  Resistor  or 
used  engine. 

When  pressure  flushing  the  radiator,  open  the  upper  ; 
lower  hose  connections  and  screw  the  radiator  cap  on  ti< 
Remove  thermostat  from  housing  and  flush  head  and  bl< 
with  water.  Use  hose  connections  on  both  upper  and  lo' 
connections  to  make  the  operation  easier.  Attach  the  flu 
ing  gun  nozzle  to  the  lower  hose  connection  and  let  wf 
run  until  the  radiator  is  full.  When  full,  apply  air  press 
gradually  to  avoid  damage  to  the  core.  Shut  off  the  air  . 
allow  radiator  to  refill;  then  apply  air  pressure.  Repeat 
til  water  coming  from  radiator  is  clean. 

Sediment  and  dirt  settles  into  pockets  in  the  block  as  v 
as  the  radiator  core.  Remove  thermostat  from  housing  ; 
flush  block  with  water.  Partially  restrict  the  lower  oper 
until  the  block  fills  up.  Apply  air  pressure  and  force  wi 
from  the  lower  opening.  Repeat  the  process  until  strearr 
water  coming  from  block  Is  clean. 
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\\r  System  Maintenance 


ie  diesc!  CIKIIMO  requires  hundreds  of  gallons  of  air  for 
ie\->  oallon  of  fuel  that  it  burns.  For  the  engine  to  operate 
:fici'.nti 7,  it  must  breathe  freely;  the  intake  and  exhaust 
/stem  :u;«.t  not  be  restricted. 

alves,  pistons  and  rings  must  seal  properly  against  com- 
•fssion  anci  combustion  pressures. 

ic  <iii  ou'n  of  fuel  that  can  be  burned  and  the  power  de- 
?loped  is  as  dependent  upon  air  as  fuel.  If  there  is  too 
:tle  r.ir  to  Kirn  all  the  fuel,  the  excess  fuel  causes  a  smoky 
<l'rfiist,  high  exhaust  temperatures  and  a  loss  of  horse- 

JWCM. 

'asted  fuel  is  not  the  only  loss  caused  by  incomplete  com- 
jstion.  The  excess  fuel  washes  lubricating  oil  off  cylinder 
alls  resulting  in  seized  pistons  and  bearing  failures.  Car- 
sned  injector  cup  spray  holes  and  stuck  piston  rings  are 
;her  troubles  which  result  from  insufficient  air.  Dirty  air 
eaner  elements,  leaky  valves,  worn  rings,  damaged  silenc- 
•s  and  air  piping  that  is  too  small  or  with  sharp  bends  are 
jnimon  causes  of  air  restriction.  Therefore,  it  is  neces- 
y  to  perform  air  .;y:ti!in  maintenance  regularly  ;is  follows. 

ute:  VVht.n  engines  operate  under  extremoly  dusty  condi- 
^ns,  adjust  the  maintenance  intervals 


AIR  CLEANER  AND  EXHAUST  SYSTEM 


Item       Part  No. 


Description 


No.  Req'd. 


A        2058371       Cleaner  Assy.,   Air    (Incl. 
Items  1  thru  5  &  7  thru 

19)    

1  2057939      Valve,  Vacuator    

2  6951146      Cup  Assy 

3  6950664     "(T  Ring    

4  2022518     Clamp  Assy 

5  6950665     Body  Assy 

6  2005034      Cap,  Air  Stack  (Furnished 

with  Engine)    

7  6950662      Clamp  Assy 

8  6950661      Body  Assy.  (Incl.  Items  9 

thru  12)    

9  2065358      Indicator,  Restriction    

10  6950968      Latch    

11  6951145     Gasket   

12  6950672     Gasket   

13  6950541      Element  Assy 

14  6950659      Cover  Assy.,  Inner  (Incl. 

Item  15)    

15  6950633      Gasket   

16  2022515     Gasket   

17  6950660      Bolt  Assy.  (Incl.  Item  16) 

18  6950671      Gasket    

1 9  6950623      Cover  Assy.  ( Incl.  I  tern  1 8 ) 

20  2043894     Clomp,  Muffler   

21  2046915     Elbow,  90°    


Item 

Part  No, 

Description                    No. 

Req'd. 

22 

2037093 

Clamp,  Muffler  to  Frame 

2 

23 

2030538 

Muffler      

1 

24 

2031477 

Bolt,  Clamp  to  Frame   

4 

24A 

2032960 

Washer,  Flat       

4 

24B 

2031391 

Washer,  Lock 

4 

24C 

2031617 

Nut      

4 

25 

2068283 

Clamp,  Muffler    

1 

26 

2067853 

Tube,  Exhaust   

1 

27 

2056716 

Elbow  Assy.,  Exhaust 

1 

28 

2031969 

Gasket,  Exhaust 

(Furnished  with  Engine) 

1 

29 

2031524 

Bolt,  Elbow  to  Engine 

(Furnished  with  Engine) 

4 

29A 

2031393 

Washer,   Lock 

4 

29B 

2031619 

Nut 

4 

30 

2056702 

Elbow,  Air  Intake  

1 

31 

2057208 

Elbow,  Tube  to  Engine,  45° 

1 

32 

2056715 

Clamp,  Hose   (Furnished 

with  Engine)     

3 

33 

2047618 

Reducer,  Cleaner  to  Tube  .. 

1 

34 

2056714 

Clamp,  Hose  (Furnished 

with  Engine)     

1 

35 

2030542 

Band,  Mounting 

(Furnished  with  Engine) 

2 

36 

2031475 

Bolt,  Band    

4 

36A 

2031391 

Washer,  Lock     

4 

36B 

2031617 

Nut     

4 

Cartridge-Type  Air  Cleaner  (Seai-annual/500  hr) 

The  best  method  to  determine  when  to  change  any  dry-type 
air  cleaner  is  by  use  of  a  filter  restriction  indicator  which 
clearly  indicates  when  the  element  is  loaded.  Fig.  5-34. 
Other  indications  are  a  loss  of  engine  power  or  excessive 
smoke  in  the  exhaust  gases. 

Cartridge  changes  can  be  scheduled,  but  due  to  wide  vari- 
ations in  dust  and  weather  conditions,  even  in  the  same  lo- 
cation, changing  "as  required"  is  usually  more  economical. 

The  filter  restriction  indicator  signals  when  to  change  cart- 
ridges. The  flag  in  the  window  (1,  Fig.  5-34)  gradually  rises 
as  the  cartridge  loads  with  dirt.  When  locked,  the  flag  will 
remain  up  after  the  engine  is  shut  down.  Do  not  change 


Fig,  5-34.     Air  inlet  restriction  gauge 
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cartridge  until  the  flag  reaches  the  top  and  locks  in  that 
position.  After  changing  the  cartridge,  reset  the  indicator 
by  pushing  the  re-set  button  (2).  Push  button  all  the  way  in 
firmly,  then  release.  If  button  sticks,  repeat  pushing  slowly 


Maintenance  Operations 


Check  Air  And  Vapor  Lin®  Connections   (Monthly/ 

200  hr) 

Perform  At  B  Chack  Und«w  Eatrema  Dusty  Conditions. 

(Weekly/40  hr) 

Check  all  air  and  vapor  lines  and  conections  from  com- 
pressor, supercharger,  cylinder  head  cover  and  cylinder 
head  for  leaks,  breaks,  stripped  threads,  etc.;  correct  as 
necessary. 

In  cold  weather,  condensed  moisture  in  air  tanks  and  lines 

may  freeze  and  make  brakes  useless. 

Drain  air  tanks  to  keep  all  water  out  of  the  brake  system. 


Check  Air  Piping    (Months/200  hr) 

Perform  At  B  Check  Under  Extreme  Dusty  Conditions. 
(Weekly/40  hr) 

Check  air  intake  piping  from  air  cleaner  to  intake  manifold. 
Check  for  loose  clamps  or  connections,  cracks,  punctures, 
or  tears  in  hose  or  tubing,  collapsed  hose,  or  other  dam- 
age. Tighten  clamps,  Fig.  5-36,  or  replace  parts  as  neces- 
sary to  insure  an  airtight  air  intake  system.  Make  sure  that 
all  air  goes  through  the  air  cleaner. 


Check  For  Oil  Leaks  At  Supercharger   (Semi- 
annual/500 hr) 

Supercharger 

Remove    supercharger   outlet   connection,    Fig.   5-43,    i 
visually  check  ends  of  the  rotors  and  case  for  evidence 
oil   leakage  from   supercharger  seals.   Rotors   will   alw 
show  some  oil  from  the  vapor  tube  that  is  connected  to 
cylinder  head  cover. 

Only  the  appearance  of  "wet"  oil  at  ends  of  the  rotors  i 

excessive  oil  consumption  should  be  cause  for  chang 

supercharger  seals. 

Check  supercharger  connections  for  leaks  and  correc 

necessary. 


Fig.  5-43.    Removing  supercharger  outlet  connection 


Fig.  5-38.    Tightening  air  inlet  tubing  clamp 
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14 


12 


11 


13 


Figure5-47.    Cylinder  Head  Cover,  Crankcase  Breather,  and  Fording  Kit. 


Maintenance  Operations 


Nuts  Or 


Check  exhaust  and  intake  manifolds  mounting  hardware  for 
tightness.  Fig.  5-45.  Correct  as  required. 


Fig.  5-45.    Tightening  intake  manifold  capscrews 


Ftg  5™^  Water-fording  valve  and  crankcase  breather. 

WATER-HORDING  VALVE  AND  CRANKCASE  BREATHER  (Semi-annual/500  Hr) 

Remove  screws  securing  crankcase  breather s  remove  five  inner  screen 
plates  and  clean  with  fuel  oil.  Dry  thoroughly  and  reinstall  plates 
and  brasher.  Check  insides  of  hoses  for  sludge  build-up«,  Remove  and 
clean  hoses  with  fuel  oil.  Replace  cracked  or  soft  hoses. 
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ETHER  STARTING  KIT 
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Port  No. 

Description                   No.  Req'd. 

2036554 

2036560 
2036564 
2036561 
2036555 
2036558 

Kit,  Ether  Starting  (Incl. 
Item  1  thru  8) 

Cable  &  Clamp,  Choke  .. 
Decal 

Clamp,  Tank 

Cylinder,    Disposable  Fuel 
Fitting  (Air  Intake)   

Item        Part  No. 


Description 


6  2036556  Tube,  Nylon 

7  2036557  Fitting  (Valve) 

8  2036559  Valve  &  Bracket 

9  2036097  Screw,  Machine 
9A  2031866  Washer,  Lock 

9B  2031863  Nut     


No.  Req'd. 


1 
1 
1 
4 
4 
4 


Starting  Fluid  Applicator 

1.  Remove  starting  fluid  can;  replace  if  empty. 

2.  Remove  plastic  hose  from  spray  nozzle.  Clean  the  hose 
with  compressed  air  and  replace  if  damaged. 

3.  Remove  spray  nozzle  from  intake  connection  or  manifold 
and  inspect  orifice  holes,  Make  sure  they  are  clear;  clean 
with  compressed  air. 


Cheek  Operator's  Report  (Daily/8  hr)1 

Check  the  operator's  daily  or  trip  reports,  and  investigate 
and  correct  reported  cases  of: 

Low  lubricating  oil  pressure. 
Low  power. 

Abnormal  water  or  oil  temperature. 
Unusual  engine  noises. 
Excessive  smoke. 


Slean  Dust  From  'Generator 

And  Cranking  Motor  (Monthly/200  hr) 

Dust  and  dirt,  if  allowed  to  accumulate  In  the  generator/ 
alternator  and  cranking  motor,  will  cause  excessive  wear  of 
bearings,  brushes  and  commutator. 

Remove  the  cover  band  and  blow  out  the  dust  and  dirt 
with  compressed  air. 


TIGHTEN  AND  INSULATE  ELECTRICAL  CONNECTIONS 

Hard  starting  is  often  traceable  to  loose  or  corroded  bat- 
tery connections.  A  loose  connection  will  overwork  the 
generator/alternator  and  regulator  and  shorten  their  lives. 

Add  distilled  water  to  battery  cells  to  keep  tops  of  plates 
covered. 

Remove  corrosion  from  around  terminals;  then  coat  with 
petroleum  jelly. 


3.  Keep  connections  clean  and  tight.  Prevent  wire  and  lugs 
from  touching  each  other  or  any  metal  except  screw  ter- 
minals to  which  they  are  attached. 

4.  Replace  broken  or  worn  wires  and  their  terminals. 

5.  Have  battery  tested  periodically.  Follow  battery  manufac- 
turer's instructions  for  maintenance. 


Check  Generator  and  Cranking  Motor 

Brushes  And  Commutators  (Semi-annual/ 500  hr) 

The  failure  of  an  alternator/generator  or  cranking  motor 
may  cause  unit  downtime  and  nearly  always  results  in  ex- 
pensive replacement. 

1.  Clean  dirty  commutators  with  No.  00  sandpaper;  never  use 
emery  cloth. 

2.  Replace  worn  brushes.  If  brushes  wear  rapidly,  check  for 
incorrect  brush  spring  tension,  Fig.  5-49,  or  high  mica  on 
the  commutator.  Check  output  by  action  of  ammeter  indi- 
cator needle  after  brush  replacement. 

3.  Shorts  and  incorrect  polarization  can  be  detected  at  the 
ammeter.   Incorrect  polarization    is   indicated    by   a   minus 
reading  when  generator  is  turned.  Take  unit  to  an  electric 
service  station  for  immediate  correction. 

4.  Troubleshoot  the  cranking  motor,  Unit 
1301,  or  the  generator,  Unit  1302,  Part  3» 


Fia.  5-49.    Checking  generator  brushes 
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CLEANING  THE  ENGINE 

There  are  many  reasons  why  the  exterior  of  the  engine 
should  be  kept  clean.  Dirt  from  the  outside  will  find  its  way 
into  the  fuel  and  lubricating  oil  filter  cases  and  into  the 
rocker  lever  assembly  when  the  cover  is  removed  unless 
dirt  is  removed  first. 

Steam  is  the  most  satisfactory  method  of  cleaning  a  dirty 
engine  or  piece  of  equipment.  If  steam  is  not  available, 
use  mineral  spirits  or  some  other  solvent  to  wash  down  the 
engine. 

All  non-waterproof  electrical  components 
and  wiring  will  be  protected  from  steam, 
water  jets,  and  solvents. 

Tighten  Mounting  Bolts  And  Nuts  (Weekly /6  hr) 

Mounting  bolts  will  occasionally  work  loose  and  cause  the 
supports  and  brackets  to  wear  rapidly.  Tighten  all  mount- 
ing bolts  or  nuts  and  replace  any  broken  or  lost  bolts  or 
capscrews. 


Check  Engine  Blow-By  (Semi-annual/500  hr) 

Engine  blow-by  (escape  of  combustion  gases  past  pistons 
and  liners)  is  usually  caused  by  worn  or  stuck  piston  rings, 
worn  cylinder  liners  or  worn  pistons. 

Blow-by  can  be  detected  by  running  the  engine  and  ob- 
serving the  gas  escape  from  the  lubricating  oil  filler  hole 
with  cap  or  breather  open  or  removed.  There  is  always 
some  vapor  or  gas  escape  at  this  point  due  to  heated  oil 
and  piston  movement,  but  distinct  puffs  Indicate  blow-by. 
Experience  and  comparison  with  other  units  operating  at 
the  same  speed  are  needed  to  make  a  conclusion  as  to  the 
extent  of  blow-by.  Normally,  excessive  blow-by  is  accom- 
panied by  oil  consumption. 

Direct  support  personnel  Wiliheck  engines  for 
blow-by  under  loaded  conditions,  with  special  tools,  to 
determine  if  blow-by  is  excessive.  Fig.  5-50. 


Check  Crankshaft  End  Clearance  (Semi-annual/ 
500  hr) 

The  crankshaft  of  a  new  or  newly  rebuilt  engine  must  have 
end  clearance  as  listed  for  that  model  in  Table  5-9.  A 
worn  engine  must  not  be  operated  with  more  than  the  worn 
limit  end  clearance  shown  in  the  same  table.  If  engine  is 


Table  5-9;  Crankshaft  End  Clearance — In.  [mm] 
New  New  Operating 


Minimum 


Maximum 


Fig.  5-50.    Checking  blow-by  under  load 
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disassembled  for  repair,  install  new  thrust  rings  if  we 
results  in  end  celarance  in  excess  of  0.015  in.  [0.3810  mi 

The  check  can  be  made  by  attaching  an  indicator  to  n 
against  vibration  damper  or  pulley.  Push  crankshaft  tows 
rear  of  engine;  take  reading  and  pry  between  cranksh 
hub  and  gear  cover  to  bring  crankshaft  toward  front 
engine.  Fig.  5-51.  Note  reading  on  gauge.  End  clearan 


Worn  Limit 


0.004  [0.1016] 


0.011   [0.2794] 


0.022  [0.5588] 


Fig.  5-61.    Checking  crankshaft  end  pl»y 


ust  be  present  with  engine  mounted  in  unit  and  assembled 
» transmission  or  converter. 

nis   check  may  be  made  at  DS  level,   Replace- 
3nt  of  crankshaft  is  OS  function. 

Iheck  Vibration  Damper  Alignment  ( Serai-annual/ 
500  hr) 

amper  hub  and  inertia  member  are  stamped  with  an  index 
lark,  Fig.  5-52,  to  permit  detection  of  movement  between 
IB  two  components. 

ispect  damper  everyDS  check.  There  should  be  no  rela- 
ve  rotation  between  hub  and  inertia  member  resulting  from 
ngine  operation. 


tejor  Inspection 

t  the  determination  of  the  GS  maintenance 
fficer,    the  engine  will  be  given  a 

rajor  inspection  to  determine  whether  it  may  be  operated 
>r  another  service  period  or  if  it  should  be  overhauled.  Oil 
onsumption,  oil  pressure  at  idling,  dilution  and  other  signs 
fwear  should  be  analyzed  as  part  of  the  inspection. 

ince  the  major  inspection  requires  partial  disassembly  of 
ie  engine,  it  should  be  done  only  in  a  well-equipped  shop 
y  mechanics  thoroughly  familiar  with  worn  replacement 
mits  and  with  disassembly  and  assembly  procedures. 


ispect  the  following  items  at  this  period: 

lain  and  Connecting  Rod  Bearing  Shells 

Crankshaft  Journals 

Camshaft  Lobes 

Cylinder  Head  (Grind  Valves) 

Cylinder  Liners 

istons  and  Ring's 

uel  Pump  (Calibrate) 

ijectors  (Clean  and  Calibrate) 

upercharger  Seals  and  Bearings 

>il  Cooler  (Clean) 

jr  Compressor 

Generator  and  Cranking  Motor 
itake  and  Exhaust  System  (Clean  and  Correct  Leaks) 

'arts  that  are  worn  beyond  worn  replacement  limits  at  this 
ispection  should  be  replaced  with  new  or  rebuilt  parts  or 

nits. 


Fig.  5-52.    Vibration  damper  alignment  marka 
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After  an  engine  has  been  rebuilt  it  is  essentially  a  new 
engine  and  should  be  treated  as  such.  By  treating  the 
rebuilt  engine  like  a  new  engine  and  by  following  the  pre- 
ventive maintenance  schedule,  the  same  dependable  serv- 
ice can  be  expected  from  the  engine  that  it  gave  during  its 
first  servic-a  period. 


Maintenance  Operations  Summary  Sheet 

Information  should  be  collected  from  each  maintenance 
check  sheet  and  consolidated  on  a  single  summary  sheet. 

Each  engine  thus  has  an 

established  history  and  cost  records  can  be  computed 
quickly.  A  review  of  the  summary  sheet  will  then  tell  which 
operations  can  be  reduced  or  increased  to  make  the  main- 
tenance program  more  effective,  resulting  in  more  ef- 
ficiency from  the  engine  at  lower  cost.  A  potential  failure 
caught  before  it  occurs  provides  savings  to  the  engine 
owner  and  a  ready-for-service  unit  for  the  operator. 


gine  Rebuild 


luring  the  major  inspection,  it  is  determined  that  crank- 
•ft  journals  or  any  other  engine  parts  are  worn  beyond 
3rn  replacement   limits,   the   engine   should   be    removed 
d  completely  rebuilt. 


PAET  3 
DIRECT  SUPPORT,   GENERAL  SUPPORT,  AND  DEPOT  MAINTENANCE 


GENERAL 


Part  3  is  written  especially  for  service  personnel 
overhauling  the  engines  and  components  used  thereon.  The 
instructions  are  as  brief  as  possible  yet  cover  the  essential 
operations  necessary  to  completely  disassemble,  inspect, 
repair,  assemble  and  test  the  complete  engine. 


Major  Sections 

Part    3        's  made  up  of  several  major  sections  each  of 
i  is  numbered  by  group  numbers,  0  through  16. 


which 


Major  sections  as  listed  in  the  Table  of  Contents  are  di- 
vided into  sub-sections.  For  example,  Group  1,  which  covers 
the  cylinder  block  group,  contains  sub-sections  1  covering 
the  cylinder  block,  2  covering  cylinder  liners,  3  covering 
idler  gear,  etc.  The  Group  number  appears  as  a  prefix  to 
the  section  and  page  numbers  on  each  individual  page. 


Unit  Sections 

Each  unit  contained  within  an  engine  group  has  been  as- 
signed a  number  so  unit  sections  can  be  removed  from  the 
basic  manual  and  taken  to  that  area  of  the  shop  concerned 
with  repair  of  the  unit  involved. 


Page  Numbers 

Page  numbers  within  the  unit  sub-section  aje  number 
consecutively,  starting  with  a  new  Page  1  at  the  boginni 
of  each  sub-section. 


Table  Numbers 

Tables  of  dimensions,  wear  limits  and  torque  values  : 
numbered  consecutively  by  group,  section  number  and  w 
a  new  Table  1  beginning  at  the  front  of  each  sub-secti 


^-Illustration   Numbers 

Illustrations  are  numbered  consecutively,  beginning  v\ 
group,  section  number  and  figure  number  at  the  beginn 
of  each  sub-section. 


Location  of  Information 

Information  regarding  a  particular  part  within  a  gent 
group,  such  as  a  cylinder  liner  within  the  cylinder  bli 
group  in  which  it  is  located,  can  best  be  located  by  us 
the  Table  of  Contents.  Under  each  Group  is  listed  the  ui 
within  the  group  and  the  group  and  unit  number  un 
which  it  appears.  For  example,  the  cylinder  liner  is  a  r. 
of  the  Cylinder  Block  Group  1.  Found  under  Group  1, 
liner  carries  the  unit  number  102,  as  sub-section  2, 
Group  1. 


Parts  Dimensions,  Wear  Limits 
and  Torque  Specifications 

Parte  Hlmansions  are  aiven  in  Tables  within  the  U 


so  given  in  these  tables  throughout  Ps^t  3«.  .  Torque 
jecifications  are  within  the  text  or  tabulated  the  same  as 
arts  dimensions  under  the  applicable  unit  sub-section. 

t  the  end  of  Part  3  's  Section  16,  a  complete  tabula- 
on  of  parts  dimensions,  worn  limits  and  torque  specifica- 
ons.  The  experienced  serviceman  may  prefer  to  work  only 
oni  these  condensed  specifications,  unless  he  is  working 
ith  an  unfamiliar  part  or  unit. 


tern  in    order  to   provide  a  ready  cross  refer- 

ence between  his  manual,  new  information  and  parts.  Com- 
plete new  products  as  released  will  be  given  unit  numbers 
applying  to  the  engine  group  within  which  it  is  used  or  if 
necessary  a  new  group  can  be  established. 


lorn  Limits 

/orn  limits  as  stated  in  this  manual  indicate  that  the  part 
ay  be  reused  if  it  is  at  the  worn  limit.  Discard  only  if  it 
xceeds  the  worn  limit.  Of  course,  the  reuse  of  any  part  is 
artially  the  responsibility  of  the  person  making  the  inspec- 
on,  as  it  could  well  be  damaged  in  an  area  not  listed  as 
worn  limit,  thus  making  it  unfit  for  further  use. 


niversal  Units 

nits  such  as  fuel  pumps,  injectors,  air  compressors  and 
irbochargers  are  also  used  on  other  models  of 
ngino:>.  Tht'so  Gioup  suctiuns  art;  in  separate1  manuals 
id  so  written  that  thty  may  be  used  with  other  engine 
lop  manuals.  These  units  are  covered 'in  full  detail  to 
ake  the  information  as  useful  and  universally  applicable 
>  possible.  Only  a  reference  page  +o  the  proper  separate 
anual  appears  j 

refer  to  "Table  of  Contents". 


uxiliary  Equipment 

nits  such  as  hydraulic  governors,  exhaust  brakes,  ther- 
atic  fans,  etc.  are  sometimes  used  on  Cummins  Engines 
id  in  many  cases  are  covered  in  this  manual.  In  other 
ises,  these  special  units  are  listed  in  the  group  in  which 
ey  operate  (hydraulic  governors  with  Fuel  Pump  Group, 
c.),  but  information  is  contained  in  separate  manuals  or 
ust  be  obtained  from  the  manufacturer. 


dditional  information 


Information  on  improvements  and  changes  afe  re- 
ased  and  arranged  using  the  group  and  unit  number  sys- 


C-180  Engine 


Six-Cylinder  Supercharged  C 

Engine 

Engine 
Model 

Bore  &  Stroke 
In.  [mm] 

Displ. 
Cu.  In. 
[cu  cm] 

Valves 

Cylinder 

Max.  Torque  @  RPM 
Ft-Lb  [kg  m] 

Max.  Hp 
@  RPM 

C-180 

4%6x5 
[102.0375x127.0] 

464 
[7604.96] 

4 

425  [58.7775]  @  1700 

1  80  @  2500 

1.  Horsepower  ratings  (stated  in  U.S.  values)  established  at  29.92  In./Hg  barometric  pressure  (sea  level),  60°  F  [15.5' 
intake  temperature,  dry  air. 

2.  Derate  3»/o  for  each  1000  ft  [304.800  m]  above  sea  level  and  1%  for  each  10°  F  [— 12.2°  C]  rise  in  air  temperatu 


Engine  Disassembly 
Group 


Unit  removal  is  a  simple  operation;  however,  time  and  lal 
will  be  saved  if  the  necessary  steps  are  followed  conce 
ing  unit  removal.  A  few  simple  precautions  are  included 
this  manual  that  will  help  to  prevent  accidents  and/or  da 
age  to  the  parts  involved. 


Unit  Removal 


Before  disassembly  of  an  engine,  or  any  unit  used  on  the 
engine,  inspection  of  the  over-all  condition  should  be  made 
and  as  much  history  as  possible  should  be  collected.  These 
two  items  will  provide  clues  to  reasons  for  failure,  if  one 
occurred,  and  will  furnish  a  great  deal  of  information  con- 
cerning necessary  repair. 

Inspection  of  each  unit  removed  and  tagging  of  electrical 
wires,  bearing  shell  positions  and  other  parts  identification 
will  help  to  insure  correct  assembly  during  the  assembly 
operations. 

Remove  units  and  parts  from  cylinder  block  in  the  follow- 
ing order,  paying  particular  attention  to  the  precautions 
noted.  Place  removed  parts  and  units  (except  electrical 
parts  or  those  that  could  be  damaged  by  steam  cleaning) 
on  a  rack  or  cart  for  steam  cleaning. 


2.  Drain  fuel  from  fuel  pump,  fuel  filter,  fuel   lines  and   fi 
pump  float  tank  (if  used). 

3.  Open  vent  and  drain  cocks  (1,  Fig.  0-1),  remove  drain  plu 
and  drain  coolant  from  cylinder  block,  radiator,  oil  coo 
and  heat  exchanger. 

4.  Bleed  compressed  air  system  (when  used). 


Remove  Engine  From  Unit 

Use  Lifting  Fixture  (Fig.  0-2)*°  remove  engines  fn 
chassis  when  rear  of  engine  is  mounted  under  fire  wall.  T 
tool  spans  four  cylinders  and  provides  three  lifting  poi 
to  compensate  for  different  weight  distributions 


Drain  Oil,  Water  and  Fuel 

1.  Drain   lubricating   oil   from   oil   pan,   oil   filters,   oil    cooler, 
hydraulic  governor  and  air  compressor. 


Engine  Serial  Number  Plate 

1.  Location  of  engine  serial  number  plate  is  shown  in  Fig.  C 


oo  o 


nt    nnrf    Hrnin    nnln 


Fia.   0-2.     ST-464   LJftinn   Fixture 


0-3.     Engine   Serial   number  plate    location 
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Fig.   0-4.     Removing   cranking   motor 
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Mways  refer  to  engine  serial  number  and  model  designa- 
ion  when  ordering  parts  or  assemblies. 

f  the  camshaft,  pistons  and/or  rings  are  changed  from 
hose  shown  on  the  serial  number  plate,  the  correct  part 
lumbers  should  be  stamped  on  the  plate.  This  information 
s  often  vital  to  fuel  pump  calibration  and  satisfactory  en- 
gine performanno. 

Caution:  Do  not  change  engine  serial  number. 


Electrical  Connections 

Disconnect  and  tag  all  electrical  leads  from  terminals  of 
jenerator,  cranking  motor,  cold-starting  glow  plug,  fuel 
sump  solenoid,  regulator,  remote  control,  etc.,  as  used  on 
jngine. 

Remove  all  electrical  controls  and  wiring. 


Cranking  Motor 

Electric 

Disconnect  leads  from  cranking  motor  terminals  (if  not  pre- 
viously removed). 

Remove  capscrews  (1,  Fig.  0-4)  and  lockwashers  securing 
:ranking  motor  and  spacer  (if  used)  to  flywheel  housing. 

Slide  cranking  motor  out  and  remove  from  engine. 


Generator 

1.  Remove  adjusting  capscrew  (1,  Fig.  0-5),  lockwasher,  flat- 
washer  and  nut  securing  generator  to  adjusting  bar. 

2.  Loosen  mounting  bolts;  move  generator  toward  engine  and 


Fig.  0-5.    Removing  generator  belt  adjusting  screw 
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disengage  drive  belt. 

3.  Remove  capscrews  and  lockwashers  securing  generator  to 
mounting  bracket;  lift  generator  from  engine. 

4.  Remove  capscrews,  lockwashers  and  flatwashers  securing 
mounting  bracket(s)  to  engine;  remove  bracket(s). 

Note:  On  some  applications  it  may  be  easier  to   remove 
generator  and  bracket  as  a  unit. 


Steam  Clean  Engine  Exterior 

A  portable  steam  cleaner  is  very  satisfactory  for  general 
use.  Exterior  cleaning  makes  the  unit  easier  to  work  on,  re- 
duces possibility  of  building  dirt  back  into  the  engine  and 
inspection  can  be  made  more  easily  and  accurately  during 
disassembly  if  surfaces  are  clean. 


Fan,  Fan  Hub  and  Mounting  Bracket 

1.  Remove   capscrews  and  lockwashers  securing  fan   to 
hub;  remove  fan. 

2,  Loosen  big  fan  hub  nut(s)  (behind 


3.  Turn  eccentric  shaft  or  adjusting  screw  to  relieve  belt 
sion;  remove  belts. 

4.  Remove  fan  hub  bracket  mounting  capscrews  (1,  Fig.  ( 
lockwashers  and  flatwashers;  lift  fan  hub  and  bracket 
sembly  from  engine. 


Full-Flow  Lubricating  Oil  Filter 

Block-Mounted 


Mechanical  Controls;  Water,  Air 
and  Fuel  Connections 


Remove  mounting  capscrews  and  lockwashers  sect/, 
filter  head  to  block.  Lift  filter  and  head  assembly  from 
gine;  discard  gasket. 


1.  Remove  mechanical  control  linkage  (clutch  linkage,  throttle 
linkage,  etc.). 

2.  Remove  water  connections   (radiator  hose,  water  by-pass 
tubes,  etc.). 

3-  Not  applicable. 

4.  Remove  flexible  fuel  lines  from  injector  fuel  drain  manifold 
and  pump  inlet  (or  fuel  filter,  if  so  equipped). 

5.  Remove  air  cleaner-to-engine  hose  connection. 

6.  Remove  air  outlet  line  from  compressor. 


Remote-Mounted 

1.  Disconnect  and  remove  oil  lines. 

2.  Remove    capscrews   and    lockwashers   securing    regula 
filter  line  connection  to  block. 

3.  Remove  capscrews  and  lockwashers  securing  filter  moi 
ing  bracket  to  engine. 

Note:  Filter  may  be  located  on  equipment  frame  or  ano' 
location. 


Corrosion  Resistor 

1.  Close  shut-off  valves  on  coolant  inlet  and  outlet  lines; 
move  drain  plug  in  filter  housing  and  drain  coolant. 

2.  Disconnect  coolant  inlet  and  outlet  lines  and  remove  f 
engine. 

3.  Remove  capscrews,  lockwashers,  flatwashers  and  nuts 
curing  filter  to  mounting  bracket.  Fig.  0-7;  lift  filter  ass 

'bly  from  engine. 

4.  Remove  mounting  bracket  capscrews  and  lockwashers 
bracket  from  engine. 


Fig.  0-6.    Removing  fan  bracket  mounting  capscrews 
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Fig.  0-7.    Removing  corrosion  resistor  copsciews 
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PT  Fuel  Pump 

1.  Remove  pump  by-pass  or  fuel  coolant  line  (if  used),  Fig. 
0-10. 

2.  Remove  fuel  line  from  solenoid  shutdown  valve  to  fuel  sup- 
ply manifold,  Fig.  0-11. 

3.  Disconnect  return  line  (if  used)  from  top  of  fuel  pump. 


4.  Remove  fuel  pump  mounting  capscrews  and  lockwashers 


and  lift  fuel  pump  from  engine,  Fig.  0-12;  discard  gask 
5.  Remove  and  discard  drive  spider  or  buffer  from  couplit 
Caution:  Do  not  lose  coupling  retainer,  rubber^buff® 
coupling  collar  from 
drive, 


fuel  p 


Accessory  Drive  Pulley 

1.  Remove  nut  and  flatwasher  securing  drive  pulley  to  c 
pressor  crankshaft.  (In  some  cases,  capscrews  arc  uso 
hold  pulley  to  crankshaft.) 

2.  install  Puller  to  drive  pulley  with   two  capscr 
'  turn  center  screw  clockwise  until  pulley  is  loose,  Fig.  I 

3.  Remove  pulley;  remove  key  from  crankshaft. 


Fig.  0-10.    Removing  fuel  pump  coolant  line 
\ 
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Fig.  0-12.    Removing  fuel   pump 


Fig.  0-11.    Disconnecting  fuel  supply  tube 
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Fig.  0-13.    Removing  accessory  drive  pulley 


ir  Compressor 


air   compressor   is   flange-mounted   to  the   gear 
:ovei  and  is  gear-driven  off  the  camshaft. 

)isconnect  water  inlet  and  outlet  tubes,  Fig.  0-14;  lift  from 
ingine. 

?emove  tube  (if  used)  from  intake  manifold  to  compressor 
nlet. 

?emove  capscrews  and  lockwashers  securing  compressor 
iupport  to  gear  cover,  Fig.  0-15;  lift  compressor  and  sup- 
lort  from  engine  and  discard  gasket. 

tfote:  One  capscrew  is  located  on  back  of  compressor 
iupport,  while  the  others  are  on  front  of  gear  cover. 


Fig.    0-15.     Removing   air  compressor  support   capscrews 
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Transfer  Connection 


1.  Remove  capscrews,  lockwashers  and  flatwashers  irom  on 
transfer  connection.  Fig.  0-16. 

2.  Remove  connection  from  block  and  discard  gaskets. 


Oil  Passage  Plugs 

Remove  the  three  oil  passage  plugs  from  block  (1,  Fig.  0- 
17)  on  fuel  pump  side  of  engine. 


Mount  Engine  To  Stand 


1.  Place 


Lifting  Fixture  over  cylinder  head  cover. 


ig.  0-14.    Disconnecting  air  compressor  water  lines 
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2.  Screw  lifting  screws  tightly  into  tapped  holes  provided  in 
top  of  cylinder  head;  lift  engine,  Fig.  0-18. 


'II 


-'V 

*J 


Fig.   0-16.     Removing   cnpscrews   from   oil   transfer  connection  N20037 


3.  Mount  engine  on  fuel  pump  side  with  six  capscre 
Engine  Stand  and  adapter. 


Caution:  Make  sure  engine  is  fastened  securely 
stand. 


Intake  Manifold  (Fuel  Pump  Side) 

1.  Remove  mounting  capscrews  and  copper  washer: 
air  intake  manifold  to  head. 

2.  Lift  manifold  from  head,  Fig.  0-19;  discard  gaske 

3.  On  supercharged  engines,  disconnect  air  outlet  I 
supercharger  connection  and  manifold;  then  perf 
1  and  2. 


.   0-17,     Removing   oil    passage   plugs 
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Fig.  0-18.    Lifting  and   mounting  engine  to 


Fuel  Manifolds 

Disconnect  fuel  inlet  and  drain  manifolds  from  cc 
in  cylinder  head;  lift  manifolds  from  engine,  Fig 


Inlet  and  Drain  Connections 

1.  Place  wrench  on  nut  closest  to  spring  and  sere1 
tions  out  of  injector;  repeat  this  procedure  unt 
nections  are  loose,  Fig.  0-21. 

2.  Pull  each  connection  out  of  cylinder  head. 


Oil  Gauge  Tube  and  Bracket 

Engine  stand     N20010          1.  Remove  capscrews   and   lockwashers   securing 


ig.    0-19.     Removing    air   intake   manifold 
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oil  pan,  Fig.  0-22. 

2.  Because  the  dipstick  tube  extends  down  into  the  oil  pan 
it  will  be  necessary  to  lift  bracket  and  tube  assembly  up 
and  away  from  pan  in  order  to  clear  slanted  hole  in  oil 
pan;  discard  gasket. 


Lubricating  Oil  Cooler 

1.  Disconnect  and  remove  any  external  oil  or  water  lines  from 
cooler. 

2.  Remove  capscrews  and  lockwashers  securing  cooler  hous- 
ing and  cover  assembly  to  block;  remove  cooler  assembly 
and  gaskets  from  engine,  Fig.  0-23;  discard  gaskets. 

3.  Remove  water  tube  and  tube  "O"  rings;  discard  "O"  rings. 


~**^  •  *  --      ^*(fl?^^TOft^raB»lB  fc  I 

Fig.   0-20.     Removing   fuel   inlol   and  drain   manifolds  N20040 


Fig.  0-22.     Removing  dipstick   tube  bracket   capscrews 
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Fig.  0-21.     Loosening   fuel   inlet   and   drain  connections 
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Fig.  0-23.     Removing   oi!   cooler  assembly 
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Supercharger  Air  Intake  Connection 

1.  Remove  vapor  suction  tube  (if  used)  from  side  of  super- 
charger intake  connection  to  cylinder  head  cover. 

2.  Remove  capscrews   and  lockwashers   securing   connection 
to  supercharger;  lift  off  connection  and  discard  gasket. 

Caution:   Cover   inlet  port  of  supercharger  with   gummed 
tape  to  prevent  dirt  entry. 


Thermostat  Housing  and  Water 
By-Pass  Connection 


Six-Cylinder  Engine 

1.  Remove  water  pump  air  bleed  tube,  Fig.  0-24. 

2.  Remove  capscrews  and  lockwashers  mounting  thermostat 
housing  and  by-pass  connection  to  cylinder  head. 

3.  Lift  thermostat  housing  (1),  by-pass  connection  (2),  and  by- 
pass coupling(s)  (3),  off  engine,  Fig.  0-25. 

3.  Remove  connection  and  gasket;  discard  gasket. 


Fig.  0-25.    Removing  thermostat  housing  assembly 


Exhaust  Manifold 


1.  Remove  two  center  capscrews  securing  manifold  to  h« 
insert  two  threaded  studs  into  head. 

2.  Remove  remaining  capscrews  and  slide  manifolds  back 
off  the  engine,  Fig.  0-26. 

3.  Discard  all  gaskets  and  lockplates. 


•Y'Vi* 

Fig.   0-26.    Removing  exhaust  manifolds 

Water  Pump 

Remove    mounting    capscrews   and    lockwashers 

water  pump  to  supercharger. 


Pin       fl-QJ         DAmnui 


head. 
2.  Lift  cover  and  gasket  from  head,  Fig.  0-30;  discard  gasket. 


Jote:  Supercharger-driven  pump  mounts  to,  and  is  driven 
ly,  the  supercharger. 


Fig.   0-28      Removing    water    header   plate    capscrews 
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Vaier  Header  Plate 

temove    capscrews    and    lockwashers    securing    plate    to 
ilock. 

(emove  plate  and  gasket  from  engine,  Fig.  0-28;  discard 
lasket. 


iupercharger 

temove  capscrews  and  lockwashers  securing  supercharger 
o  gear  cover,  Fig.  0-29. 

.ift  supercharger  from  gear  cover,  being  careful  not  to 
lamage  lubricating  oil  ferrule  in  gear  cover  close  to  lower 
:upercharger  dowel. 


locker  Lever  Cover 

iemove  capscrews  and  seals  securing   cover  to   cylinder 


Fig.  0-29.    Removing   supercharger  capscrews  N20064 


Rocker  Lever  Assembly 

1.  Loosen   all   injector  and   valve   rocker   lever   locknuts   and 
back  off  adjusting  screws  one  or  two  turns.  Fig.  0-31. 

2.  Remove  capscrews  and  flatwashers  securing  rocker  lever 
assembly  and  cylinder  head  to  block,  Fig.  0-32. 

3.  Carefully  pry  rocker  lever  assembly  from  dowels. 

4.  Using  a  bar  or  wooden  slat  to  hold  levers  in  position,  lift 
rocker  lever  assembly  from  engine,  Fig.  0-33. 


Fig.  0-30.    Removing  cylinder  head   cover 
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Fig.   0-33.     Removing   rocker   lever  assembly 
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Fig.  0-31.    Loosening   rocker  lever  jam   nuts 
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Push  Tubes  and  Valve  Crossheads 

1.  Lift  all  push  tubes  from  tappet  sockets,  Fig.  0-34. 

2.  Lift  valve  crossheads  from  crosshead  guides,  Fig.  0-35.   I 
some  cases  these  may  be   left  in  cylinder  head   and   th 
complete  unit  sent  to  the  head  repair  section. 


Injectors 

1.  Remove  Injector  hold-down  capscrews. 

2.  Pry  injectors  loose  and  remove  from  head,  Fig.  0-36,  bein 
careful  not  to  damage  injector  cup  tips. 

3.  Number  each  injector  according  to  the  cylinder  from  whic 
it  was  removed;  place  in  drain  rack. 


cig.   0-32.    Removing   cylinder  head   mounting   capscrews 
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Fig.  0-34.    Removing  push  tubes 
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).i 
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Fig.   0-35.     Removing   valvo   r. 


Fig.   0-37      Lilting  cylinder  Head 


r 
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Fig.  0-36.    Removing  injectom 


Fig.   0-38.     Removing  tappet  guide  screws 
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Cylinder  Head 

Attach  Lifting  Fixture  to  cylinder  head  and,  usinc,  a 

suitable  hoist,  lift  head  from  block,  Fig.  0-37. 

Note:  Do  not  allow  machined  surface  of  head  to  be 
scratched  or  nicked;  slight  damage  could  result  in  lack  of 
combustion  seal  during  operation  of  engine. 

Remove  and  discard  head  gasket,  grommets  and  retainers. 


Tappets  and  Tappei  Guides 

Remove  tappet  guide  screws  from  :.kle  of  block,  Fig.  0-38. 
Using  a  wire  with  a  hook  on  one  end.  hook  wire  into  tap- 


pet guide  slot  (located  on  side  of  tappet  nearest  the  out- 
side wall  of  block)  and  lift  tappets  from  engine. 


Flywheel 

1.  Remove  lockwires  (if  used)  and  all  but  two  capscrews;  or, 
remove  all  but  two  capscrews  and  washers  (if  used)  secur- 
ing flywheel  to  crankshaft;  insert  one  or  two  guide  studs  in 
vacant  capscrew  holes. 

2.  Remove  remaining  capscrews  and  washers  (if  used)  and 
pull  flywh.ee!  from  crankshaft.  Fig.  0-39. 

Note:   If  necessary,   insert  two   capscrews   into 

holes  in  flywheel  and  tighten  equally  to  free  fly  n 

crankshaft. 


Fig.  0-39.    Removing   flywheel 
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Fig.  0-40.    Removing  flywheel  housing  capscrews 
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Flywheel  Housing 

1.  Remove  capscrews,  lockwashers  and  flatwashers  securing 
flywheel    housing    to    oil    pan;    remove    capscrews,    lock- 
washers  and  flatwashers  securing   housing   to   block,   Fig. 
0-40. 

2.  Using  a  soft  hammer,  tap  housing  away  from  engine. 


Oil  Pan 

1.  Turn  engine  upside  down. 

2.  Remove    all    mounting    capscrews,    lockwashers    and    fiat- 
washers  from  pan. 

3.  Lift  oil  pan  and  gasket  from  block,  Fig.  0-41;  discard  gas- 
ket. 


Oil  Drain  Tube 

Remove  capscrews,  lockplates  and  lockwashers  securing 
tube  (1,  Fig.  0-42)  and  bracket  to  block;  lift  tube  and 
bracket  from  engine. 


Lubricating  Oil  Pump 
Oil  Pan-Enclosed 

1.  Remove  capscrews  and  lockplates  securing  oil  pump,  Fig. 
0-43,  and  suction  tube  strap  to  block. 

O    I  ;ff  r,nmr,  anr\  tnhp  assembly  from   block. 


Fig.  0-41.    Removing  oil  pan 


Fig.  0-42.    Removing  dr«ln  tube  c»pscrewfl 


g.   0-43.     Removing   oil    pump    cupbctows 


N20054 


Fig    0-45.     Removing   crankshaft   hub   capscrew 
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shaft,  Fig.  0-44. 
4.  Using  Puller,  pull  hub  from  crankshaft,  Fig.  0-46. 


/ibration  Damper  and  Hub 

lace  a  wooden  block  between  a  crankshaft  counterweight 
nd  cylinder  block  wall  to  prevent  crankshaft  from  turning 
I,  Fig.  0-44). 

lisengago  lockplates  and  remove  capscrews  securing 
amper  to  hub,  Fig.  0-45;  remove  damper. 

lemove  capscrew  and   flatwasher  securing  hub  to  crank- 


Gear  Cover 

1.  Remove  all  capscrews  and  lockwashers  securing  cover  to 
block  (including  two  capscrews  behind  mounting  plate,  Fig. 
0-47).  Lift  gear  cover  from  engine. 

2.  Remove  and  discard  gasket. 

Note:  Gear  cover  on  supercharged  engine  has  an  idler 
spindle  support  screw  that  must  be  removed  before  remov- 
ing gear  cover. 


ig.   0'44.     Removing   vibration   damper  capscrows 


Fig.   0-46.     Pulling   crankshaft   hub  with  Puller 
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Fig.  0-48.    Removing   oil    slinger  capscrews 
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Fig.  0-47.    Removing  gear  cover  capscrews 
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while  carefully  pulling  camshaft,  camshaft  gear  and  be 
ing  plate  from  block,  Fig.  0-49. 


Gear  Cover  Mounting  Plate 

Remove    capscrews    and    lockwashers    securing    plate 
block,  Fig.  0-50;  tap  plate  from  block  with   lead   or  pla; 
hammer.  Discard  gasket. 


Rear  Cover  and  Seal 

Remove    capscrews    and    lockwashers    securing    cover 
block;   slide  cover   and   seal   assembly   off  the   cranksh 


Supercharger  Idler  Gear 

Remove  idler  gear  assembly;  remove  front  and  rear  thrust 
bearings  from  idler  shaft. 


Camshaft 

1.  Since  the  crankshaft  oil  slinger  partially  covers  the  cam- 
shaft gear,  remove  slinger  mounting  capscrews  and  lock- 
plates,  Fig.  0-48,  and  remove  slinger  from  crankshaft;  dis- 
card lockplates. 

2.  Remove  capscrews   and   lockwashers    (accessible   through 
openings    in    camshaft    gear)    securing    camshaft    retainer 
bearing  to  block. 


3.  Rotate    camshaft    gear    slightly   to    disengage   gear    teeth  Fio.  0.49.   Rnmovinn  Camshaft 


ange,   Fig.  0-51;  discard  seal. 


Connecting   Rod  and  Piston  Assemblies 

urn  engine  right-side-up  and  clean  all  carbon  from  upper 
tside  wall  of  eacn  cylinder  liner  with  ridge  reamer  and  fine 
mery  cloth  or  equivalent,  Fig.  0-52. 

o  facilitate  removal  of  rod  and  piston  assemblies,  turn  en- 
ine  until  crankshaft  is  in  vertical  position. 

lemove  connecting  rod  "U"-bolt  nuts  and  lockplates;  pull 
aps  and  bearing  shells  from  connecting  rods,  Fig.  0-53. 

>ush  connecting  rod  and  piston  assemblies  from  cylinder 
iners  with  wooden  stick,  holding  pistons  so  they  will  not 


Fig.  0-52.    Cleaning  cylinder  liner  with  emery  cloth  N20059 


Pig.    0-50.      Removing   mounting   plate   capscrews 
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Fig.   0-53.     Removing   connecting   rod   cap 
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fig.    0-61.      Removing   rear   cover 
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be  dropped  and  damaged. 

Caution:  Do  not  mutilate  inner  walls  of  cylinder  liner*. 

5.  Reassemble  each  connecting  rod  cap  to  assembly  as  it  is 
removed,  Fig.  0-54;  the  rod  caps  are  not  interchangeable. 
Label  each  assembly  by  cylinder  number;  tape  mating  bear- 
ing shells  together  and  label  each  pair  by  cylinder  number 
for  later  reference. 

Note:  Check  each  rod  and  cap  as  removed  to  make  sure 
it  is  stamped,  in  case  of  mixing,  so  all  parts  are  reas- 
sembled correctly.  Likewise,  if  a  new  assembly  is  to  be 
used  be  sure  to  stamp  before  assembly  to  engine. 

6.  Remove  piston  pin  snap  rings. 

7.  To  facilitate  the  removal  of  piston  pins,  first  heat  pistons 
in  hot  water;  then  push  pin  from  piston,  using  an  arbor 
press  or  other  suitable  method.  Do  not  drive  -r  otherwise 
force  pin  from  piston. 


Fig.  0-54.     Reassembling   cap  lo  connecting   tod 
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Crankshaft  and  Main  Bearing  Caps 

1.  Turn  engine  so  bottom  side  is  up;  loosen  capsctows  secur- 
ing  caps  to   block,    leaving   two/three    threads   engaged    in 
block  to  pilot  caps  as  they  are  removed. 

2.  Pry  each   cap   loose  with   pry  bar,   Fig.  0-55;    remove    cap- 
screws  and  lockplates  and  lift  caps  from  block,  Fig.  0-56. 

Note:  Lower  thrust  rings  are  held  in  place  with  dowels  on 
N°.  7  main   bearing   cap. 

Upper  thrust  rings  rest  in  chamfer  on  No.  7  main 

bearing  bore  in  block.  Be  careful  not  to  drop  thrust  rings, 
remove  before  lifting  crankshaft. 

3.  Remove  main   bearing   shells   from    crankshaft   (if   they   did 
not  adhere  to  caps). 

4.  Lift  crankshaft  from   cylinder   block,   using    hooks   covered 


with    rubhtji    ho,..     ,  •    ;i    upc,  to  prevent   bearing    surf; 
damage,  f-'ig.  Of,.    II-HKI.I-  upper  main  bearing  shells. 

5.  Tape   lower  ancl   ujV'1    ni.-iin   bearing   shells   together    i 
identify  acconiiiiij  iu  rtylhclor  number  for  future  referen 


1.   Pull    cvliiid" 
using 


Mum   Mock  with 
ti  i     n!;ilc, 


Liner   Pul 


Note:  The  olrv/l".-!  mp  njatB  straddles  the  cylinder  lir 
Fig.  0-58;  th,  ,-u!  '|'U'f  plntn.  Fig.  0-59,  is  placed  on  bott 
of  cylinder  linoi  n:.rl  I'o'd  in  place  with  a  nut.  When  us 
Ihc  cylinder  iin.-.r  pi'l'i;!,  l'i?  careful  not  to  mutilate  machir 


Note:  Do  not  steam  clean  the  following: 

a.  Electrical  components 

b.  Wiring 

c.  Injectors 

d.  Fuel  pump 

e.  Belts  and  rubber  hose 
f.  Bearing  shells 


Fig.   0-58.     Pulling   liner   with  Liner   Puller 


Fig.  0-59.    Cylinder  liner  pullet  adapter  plate 
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2.  Adjust  shaft  screw  and  pull  down  on  cam  lever  to  loosen 
liner.  If  liner  sticks  in  block,  turn  lever  in  clockwise  direc- 
tion until  liner  is  loose. 

3.  Remove  liner  puller  and  lift  liner  from  block;  remove  and 
discard  "O"  rings  and  crevice  seal  (if  used)  from  liner. 


Steam  Cleaning 

1.  Place  parts  in  trays  (except  parts  listed  in  following  note) 
and  clean  with  steam  jet  to  remove  exterior  dirt,  etc.  Dry 
thoroughly  with  moisture-free  compressed  air. 

2.  Cover  plates,  pipe  plugs,  etc.,  should  be  removed  as  ap- 
plicable to  facilitate  cleaning  of  oil  and  water  passages. 


Cylinder  Block  Group 


The  cylinder  block  group  consists  of  cylinder  block,  cyl 
der  liners,  idler  gear,  crankshaft,  bearing  shells,  damp 
counterbalancer,  connecting  rods,  pistons,  rear  cover,  ca 
shaft  and  gear  cover.  Cleaning,  inspection  and  rebuild! 
of  each  part  is  described  in  this  section. 


Cylinder  Block-Unit  101 


Metric  Measurement 


Passages 


all  di- 
mensions, temperatures,  torque  values,  etc.  are  listed 
in  both  the  U.S.  and  metric  units  of  measurement.  To  aid 
in  setting  the  two  systems  apart,  the  [Metric  Units]  are  al- 
ways enclosed  in  brackets. 


Cleaning 


1.  Remove  all  pipe  plugs  from  oil  and  water  passages,  etc. 

2.  Clean   block   by  submerging   in   tank  of   cleaning   solution 
heated  to  near  boiling. 

follow  manufacturer's  recommendations 
as  to  use. 

a.  Circulate  solvent  to  increase  effectiveness. 

b.  To    remove    heavy    deposits    of    lime,    circulate    acid-type 
cleaner. 

Caution:  The  use  of  acid  may  bo  extremely  dangerous  to 
workmen  and  injurious  to  machinery.  Never  use  in  machine 
shop  or  near  machinery  subject  to  rusting.  Always  provide 
a  tank  of  strong  soda  water  as  neutralizing  agent. 


1.  Run  rods  with  brushes  or  swabs  through  all  oil  passagf 
Fig.  1-1-1. 


Fig.  1-1-1.    Cleaning  block  oil  passage 
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Table  1-1-1:  Cylinder  Block  Pipe  Plug  Torque 

Plug  Size     Minimum 

Maximum 

In. 

Ft.-lb. 

[kgm] 

Ft.-lb. 

[kgm] 

1/8 
1/4 

3/8 
1/4 
3/4 

5 
20 
"25 
15 
60 

[0.6915] 
[2.7660] 
[3.4575] 
[2.0745] 
[8.2980] 

15 
25 
"35 
20 
70 

[2.0745] 
[3.4575] 
[4.8405] 
[2.7660] 
[9.6810] 

2.  Replace  all  pipe  plugs.  Use  "Teflon"  sealing  tape  or 

Lead  Sealer,  No.  2"  on  plugs  to  prevent  leaka 
Tighten  plugs  to  values  listed  in  Table  1-1-1. 

Note:  If  additional  machining  is  to  be  performed,  oil  p 
sage  cleaning  and  replacement  of  plugs  should  be  dc 
after  all  machining  is  completed. 


Air  Vent  Hole 


in      M   PTP      okr,./ 


Ur 


Fig.   1-1-2.    Air  bleed  hole 
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Fig.   1-1-3      Cleaning   cylinder  head   capscrew   hole 
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Liner  Bore 


Scrape  counterbore  lightly  to  remove  any  scale. 

Clean  lower  liner  bore  with  sandpaper  or  sanding  drum 
powered  by  an  electric  drill.  Emery  cloth  may  be  used  if 
bore  contains  ridges.  Be  sure  to  remove  nicks  or  burrs  that 
would  damage  liner  packing  rings  as  liner  is  installed. 


2.  Cylinder  head  capscrew  holes  in  block  are  counterbored  to 
prevent  distorting  and  forcing  liners  out-of-round,  when 
cylinder  head  capscrews  are  tightened.  AH  dirt  and  oil 
must  be  removed  from  holes  to  prevent  damaging  block 
when  capscrews  are  tightened. 


Inspection 


Using  Dye  Penetrants  To  Locate  Flaws 

To  successfully  use  dye  penetrant  method  of  locating 
cracks,  porosity,  leaks,  etc.  requires  cleaning  the  part,  pen- 
etrant application,  developing  the  penetrant  and  inspection. 

Clean  suspected  defective  area  with  kerosene  or  other 
grease  removing  cleaner. 

Apply  dye  penetrant  allowing  time  for  it  to  dissolve  or  enter 
into  the  defect  (usually  about  fifteen  minutes);  do  not 
"force"  dry.  Remove  all  excess  penetrant. 

Apply  developer  so  defect  will  stand  out;  cracks  usually 
show  up  as  a  solid  or  dotted  line;  however,  caution  must 
be  observed  as  this  can  be  a  non-damaging  forging  lap. 

Porosity  usually  shows  up  as  dots  in  local  areas.  The  wider 
the  area  spreads,  the  larger  the  defect. 


Capscrew  Holes 

Blow  all  dirt  or  cleaning  fluid  from  capscrew  holes  with  an 
air  jet,  Fig.  1-1-3. 
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Before  any  part  is  discarded  or  used  again  a  careful  in- 
spection must  be  performed.  The  inspection  should  include 
wearing  surfaces  and  general  over-all  conditions.  Cost  of 
rebuilding  an  engine  can  be  high  or  low,  depending  entirely 
upon  intelligent  inspection  and  use  of  proper  standards. 


Corrosion 

Corrosion  most  frequently  occurs  on  portions  of  block 
nearest  cylinder  liners  and  is  evidenced  by  pitting.  Discard 
block  if  area  cannot  be  cleaned,  or  if  area  is  distorted. 


Camshaft  Bushings 

1.  Use  inside  micrometers  or  dial  bore  gauge  to  gauge  cam- 
shaft bushing  inside  diameter,  Fig.  1-1-4.  Mark  bushings  for 
replacement  if  worn   larger  than   "Worn   Limit"   shown   in 
Table  1-1-2. 

2.  If  bushings  have  been  badly  chipped,  scored  or  scratched, 
mark  for  replacement. 


Fig.  1-1-4.    Checking  camshaft   bushing   inside  diameter 
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Table  1-1-2:  Camshaft  Bushing  Inside  Diameter 


New  Dimension 

Minimum 

In.  [mm] 


Maximum 

In.  [mm] 


Worn 
Limit 
In.  [mm] 


1.8745      [47.6123]       1.8765      [47.6631]      1.8780      [47.7012] 


Note:  No.  1  bushing  also  serves  as  thrust  plate  and  is  at- 
tached to  camshaft. 


Table  1-1-3:  Block  Camshaft  Bushing  Bore 

Bore  New  Dimensions  Worn 

No.     Minimum  Maximum  Limit 

In.         [mm]  In.         [mm]  In.         [mm] 


Cylinder  Liner  Counterbore 

Check  upper  liner  counterbore  diameter  at  four  equidis 
points,  Fig.  1-1-5.  If  counterbore  exceeds  limits  showt 
Table  1-1-4  for  the  top  0.250  in.  [6.3500  mm]  depth,  mai 
block  for  machining  for  oversize  flange  liners. 

Caution:  Do  not  attempt  to  rework  counterbore  inside 
meter  on  C  engines. 


Fig.   1-1-5.    Cylinder   liner   counlerbore   dimensions 
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2.  The  counterbore  ledge  must  be  smooth  and  perpendici 
to  the  cylinder  liner  bore. 

3.  Check  counterbore  depth  so  installed  liner  will  be  ass< 
bled  to  correct  protrusion  and  to  determine  if  refinisri 
counterbore  surface  is  necessary.  Depth  of  counterbore 
a  new  block  is  listed  in  Table  1-1-5. 


2-7     2.0035    [50.8889]      2.0045    [50.9143]      2,0065    [50.9397] 
1        2.1245    [53.9623]      2.1255    [53.9877]      2.1265    [54.0131] 

Table  1-1-5:  Cylinder  Liner  Counterbore  Depth 

New  Dimensions 
Minimum 
In.            [mm] 

Worn 
Maximum                    Limit 
In.            [mm]            In. 

[mm] 

4.  Make  certain  oil  passages  in  bushings  and  block  are 
erly   aligned.    If    bushing    replacement   is    necessary 
"Parts  Replacement  and  Repair" 

prop- 
,   see 

0.3092      [7.8536] 

0.3105      [7.8867]        0.4023 

[10.21 

Table  1-1-4:  Cylinder  Liner  Counterbore  Diameter 

Engine                       Bore 
Series                        Size 
In.                 [mm] 

New  Dimensions 
Minimum 
In.                [mm] 

Maximum 
In.                 [mm] 

C                            4  7/16           [112.7125] 

5.187 

[131.7498] 

5.189            [131.8006] 

{  worn  to  or  beyond  worn  limit  the  cylinder  block  must  be 
eplaced. 

nstalled  cylinder  liners  must  protrude  0.004/0.006  in. 
0.1016/0.1524  mm]  above  block.  To  check  for  proper  pro- 
rusion  without  installing  a  liner: 

Measure  liner  flange  outside  bead  with  micrometer,  Fig. 
-1-6.  Do  not  include  bead  on  top  of  liner  flange  in  taking 
neasurement. 


be  "cupped"  more  than  0.0007  in.  [0.0177  mm].  Depth  must 
not  vary  more  than  0.001  in.  [0.254  mm]  throughout  counter- 
bore  circumference. 

d.  If  dimensions  do  not  meet  standards  of  step  "C"  above, 
counterbore  must  be  resurfaced.  See  "Parts  Replacement 
and  Repair." 

e.  Subtract  counterbore  depth  from  liner  flange  thickness  to 
determine  amount  of  shims  and  depth  of  counterbore  cut 
that    must    be    used    to    provide    desired    liner    protrusion 
(see  "5"  above).  0.007  in.  [0.1778  mm]  shims  are  thinnest 
available. 

Note:  If  material  to  be  removed  will  result  in  a  counterbore 
depth  exceeding  worn  limit  in  Table  1-1-5,  block  cannot  be 
reused. 


Cylinder  Liner  Lower  Bore 

1.  Install  a  new  cylinder  liner  in  the  block  without  packing 
rings  or  crevice  seal. 

Note:  Liner  contact  is  permissible  as  long  as  it  does  not 
cause  liner  out-of-round. 

2.  Clearance  between  liner  and  block  should  be  as  shown  in 
Fig.  1-1-8  and  listed  in  Table  1-1-6. 


ig.  1-1-6.     Chocking  liner  flange  height  —  outside   bead 
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Measure' block  counterbore  depth  with  dial  indicator  depth 
gauge  or  Gauge  Block,  Fig.  1-1-7. 

'zero"  indicator  before  taking  measurement. 

Dheck  depth  at  four  equidistant  locations.  Ledge  must  not 


Fig.  1-1-8.    Checking  clearance  between  block  and   liner 
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Table  1-1-6:  Liner-To-Block  Clearance  Lower  Bore 

Minimum  Maximum 

In.  [mm]  In.  [mm] 


0.005 


fO.12701  0.009 


rO.22861 


3.  If  clearances  do  not  fall  within  above  limits,  recheck  after 
counterboring. 

Note:  These  limits  do  not  apply  with  cylinder  head  installed 
and  tightened  to  operating  torque. 

4.  If  clearance  is  not  correct,  check  lower  block  packing  ring 
bore  inside  diameter.  See  Table  1-1-7. 


Table  1-1-7:  Lower  Liner  Bore  Inside  Diameter 


Engine  Bore 
Series    In.         [mm] 


Minimum 
In.       [mm] 


Maximum 
In.      [mm] 


4  7/16  [112.7125]     4.933  [125.2982]     4.935  [125.3490] 


Main  Bearing  Caps 

1.  Main   bearing   caps   have   an   interference   fit  to   block   of 
0.002/0.004  in.  [0.0508/0.1016  mm]. 

2.  Caps  must  fit  in   block  with  no   perceptible   clearance  or 
"sh?.ke".  Milled  faces  of  cap  must  always  rest  on  mating 
portion  of  block  to  prevent  distortion  during  tightening. 

3.  Replacement   caps,   which    must   be    machined   to   fit,    are 
available  as  service  parts;  see  "Parts  Replacement  and  Re- 
pair" 


Main  Bearing  Bore 

1.  Assemble  main  bearing  caps,  lockplates  or  flatwashers  and 
capscrews  to  block  in  operating  position,  Fig.  1-1-9.  Tighten 
capscrews  to  operating  tension;  see  "Parts   Replacement 
and  Repair" 

2.  Gauge  main  bearing  bores  horizontally,  vertically  and  diag- 
onally with  dial  bore  gauge  or  inside  micrometers  properly 
adjusted  to  standards,  Fig.  1-1-10.  See  Table  1-1-8. 


Table  1-1-8:  Main  Bearing  Bore 


New  Dimensions 

Minimum 

In.          [mm] 


Maximum 
In.          [mm] 


Worn 
Limit 
In.  [mm] 


4.1240    [104.7496]        4.1250    [104.7750]        4.1255    [104.7877] 


3.  Check    bore    alignment  This 

closely  ground  bar  will  pass  through  all  bores  and  turn  fret 
ly  unless  caps  are  not  tightened  to  proper  tension,  burrs, 
etc.,  have  not  been  removed,  or  caps  are  distorted,   Fig. 
1-1-11. 


Fig.   1-1-9.    Tighten  main   bearing   capscrews 


Fig.  1-1-10.    Checking  main  bearing  bore  for  out-of-round 


Fin.    1-1-11.     Checkina    main    bearina    bora    nlianment 


If  it  is  definitely  determined  that  a  main  bearing  cap  has 
been  distorted  and  is  preventing  checking  bar  from  passing 
through  bore,  mark  block  for  reaming. 


Water  Passages 

Check  all  water  passages  to  make  sure  they  are  open. 

Check  for  eroded  water  holes  which  may  prevent  proper 
seating  of  head  gasket  or  grommet  retainers. 

Water  holes  not  eroded  more  than  Me  in.  [1.5875  mm]  from 
edge  of  hole  can  be  "bushed";  see  "Parts  Replacement  and 
Repair" 

Check  for  erosion  within  Viz  to  %z  in.  [0.7937/2.3812  mm] 
from  liner  counterbore;  if  not  too  deep  block  may  be 
resurfaced. 


Fig.  1-1-12.    Checking  tappet  bore  inside  diameter 
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Tappet  Bores 

Measure  tappet  bores  with  a  dial  bore  gauge,  Fig.  1-1-12. 
See  Table  1-1-9. 


reusable  parts.  The  following  instructions  cover  the  opera- 
tions that  may  be  performed  to  make  a  reusable  block 
ready  for  service. 


'able  1-1-9:  Tappet  Bore  Size 

Tappet       New  Dimension  Worn 

Location    Minimum  Maximum  Limit 

In.       [mm]        In.       [mm]  In.       [mm] 


Injector 
Valve 


1.3120  [33.3248]    1.3130  [33.3502]    1.3145  [33.3883] 
1.1870  [30.1498]    1.1880  [30.1752]    1.1895  [30.2133] 


If  worn  beyond  limit  in  Table  1-1-9  or  out-of-round  more 
than  0.0015  in.  [0.0381  mm],  replace  block. 


Camshaft  Bushing  Replacement 

1.  Service  tools  are  available  for  removal  and  installation  of 
camshaft  bushings.  The  tool  consists  of  two  parts, 
Bushing  Driver  and  Bushing  Mandrel. 

2.  No,  1,  or  gear  case  end,  camshaft  bushing  also  acts  as  the 
camshaft  thrust  plate  and  is  attached  to  the  camshaft. 

3.  Locate  bushing  on  drive  mandrel   and   align  oil   holes   in 
bushing  with  those  in  block. 

4.  Drive  in  position  so  oil  holes  are  aligned,  Pig.  1-1-13. 


Idler  Gear  Shaft 

On  supercharged  engines,  replace  idler  shaft  if  worn  small- 
er than  1.4995  in.  [38.0873  mm]  diameter. 

Tighten  idler  shaft  capscrews  to  200  to  204  in.-lbs.  [2.3000 
to  2.3460  kg  m]  torque. 


Parts  Replacement  And  Repair 

After  a  thorough  inspection  of  cylinder  block,  bushings  and 
main  bearing  caps,  the  decision  must  be  made  whether 
to  install  a  new  block  assembly,  replace  bushings  or  caps 
and  how  much  can  be  done  to  rebuild  or  recondition  the 


Main  Bearing  Cap  Replacement 

1.  Semi-finished  replacement  main  bearing  caps  are  available 
for  limited  use  in  rebuild  shops. 

Not*:  The  responsibility  for  use  of  semi-finished  caps  must 
be  assumed  by  the  engine  owner  or  by  the  shop  which 
performs  the  work. 

2.  Replacement  main  bearing  caps  have  0.003  in.  [0.0762  mm] 
material  in  bore  and  0.005  in.  [0.1270  mm]  excess  in  length 
(pilot  dimension).  Other  dimensions  are  the  same  as  fin- 
ished main  bearing  caps. 

3.  A  No.  7  new  replacement  cap 
does  not  have  cap-to-block  dowel  holes  and  must  be  ma- 
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Fig.  1-1-13.     Installing  camshaft  bushing  N20112 

chined  to  block  width. 

4.  Machine  an  equal   amount  of  material  from  each  end  of 
semi-finished  cap  to  provide  0.002/0.004  In.   [0.0508/0.1016 
mm]  interference  fit  in  block. 

5.  If  the  cap  is  a  rear  cap  (No.  7  or  No.  5): 

a.  Remove  locating  dowels  from  block. 

b.  Locate  and  machine  cap  so  thrust  faces  of  cap  and  block 
are  flush.  Use  Prussion   Blue  on  block  surface  to   locate 
dowel  holes  in  cap. 

c.  Remove  cap. 

d.  Drill  dowel  holes,  Fig.  1-1-14. 

e.  Reinstall  cap  and  ream  dowel  holes  to  the  smallest  permis- 
sible oversize. 


f.  Install  dowels  in  block. 

6.  Install  all   caps   on  block  and   ream    bore  as   describi 
following  paragraphs. 


Main  Bearing  Bore  Reaming 

1.  If  main  bearing  bore  was  out  of  alignment  or  if  rep 
ment  cap  has  been  installed  ream  bore  as  follows. 

Caution:  Do  not  ream  the  main  bearing  bore  indist 
nately.  It  should  never  be  necessary  to  ream  the  main 
unless  a  cap  has  been  distorted  or  replaced.  Use  o 
reamer  must  never  replace  use  of  the  checking  bar. 

2.  If  bore  must  be  reamed,  first  remove  0.002/0.003  in.  [0. 
0.0762  mm]  stock  from  bottom  milled  surface  of  main 
ing  caps  which  are  out  of  alignment.  Remove  stock  b^ 
ping  or  surface  grinding. 

Note:  Omit  this  step  if  replacement  caps  are  being  u 

3.  Lay  Reaming  Bar  in  block  so  rear  of  bar  is  pi 
in  two  good  main  bearing  bores. 

4.  Install   all   main    bearing   caps   in   block   and   tighten 
screws    to    operating    tension,    following    steps    show 
Table  1-1-10,  in  alternating  steps  from  one  capscrew  t 
other  on  same  journal. 

5.  Lubricate  reamer  cutters  and  bores   in  block  with   ei 
lubricating  oil.  This  will  prevent  reaming  oversize  am 
allow  a  better  finish,  Fig.  1-1-15. 

6.  Use  Hand   Driver  to  turn  the   reamer,  Fig.   1 
This  driver  is  loosely  pinned  to  prevent  up  and  dov 
side  thrust  of  reamer  while  it  is  being  turned. 

7.  Run  reamer  through  remaining  main  bearing  bores  wi 
"backing  up"  or  reversing. 

8.  Check  bore  with  Checking  Bar  and  measure  bore  diar 
once   again   with   dial    bore   gauge.   See   Figs.   1-1-10 
1-1-11,  and  "Main  Bearing  Bore". 

9.  Clean  block  thoroughly. 


Sleeve  Eroded  Water  Holes 

The  cylinder  block  surfaces  around  the  water  holes 
be  free  of  any  erosion,  pits,  scratches  or  blemishes  ' 
are  more  than  0.003  in.  [0.0762  mm]  deep  in  the  area  : 
%2  in.  [1.5875  to  3.9674  mm]  from  edge  of  water  holes 
pair  as  follows: 

1.  Insert   hold-down    adapter  of  into   cylinder 
capscrew  hole,  Fig.  1-1-16. 

2.  Position  tool  on  head  with  reamer  guide  hole  over 
hole  to  be  repaired. 

3.  Insert  tool  hold-down  knob  into  holder  assembly  and 
en  down  finaer  tiaht. 


able  1-1-10:  Main  Bearing  Capscrew  Tightening 


iiep 

.  Tighten  to 
.  Advance  to 
.  Loosen 
.  Tighten  to 
.  Advance 


Ft.  Lbs. 


[Kgm] 


65/75 

140/150 

ALL 

45/50 

60° 


[8.9895/10.3725] 

[19.3620/20.7450] 

ALL 

[6.2235/6.9150] 

60° 


ig.   1-1-15.     Reaming   main   bearing   bnre 
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ig.  1-1-16.    Reaming  eroded  watar  hole 
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nsert  locating  pin  into  eroded  hole  and  tighten  hold-down 
:nob. 

"o  set  depth  of  reamer  assembly,  insert  assembly  in  guide. 


justable  stop  collar.  Insert  0.005  in.  [0.1270  mm]  feeler 
gauge  between  bushing  and  adjustable  collar;  tighten  set- 
screw. 

Caution:  Take  care  not  to  use  too  large  a  reamer,  avoid 
getting  head  gasket  grommet  over  liner  flange. 

6.  Attach    drive   adapter   to   half-inch   drill    chuck   and   place 
grooved  end  of  drive  adapter  into  reamer  assembly. 

7.  Ream  out  eroded  water  hole  until  collar  bottoms  against 
tool. 

8.  Remove  drill,  reamer  assembly,  holder  assembly  and  hold- 
down  adapter. 

9.  Drive  bushing  into  reamed  hole  with  driver.  Bushing  should 
protrude  about  0.003  to  0.005  in.  [0.0762/0.1270  mm]. 

10.  If  block  is  to  be  resurfaced,  see  "Resurface  Cylinder 
Block".  If-  not  to  be  resurfaced,  file  bushing  flush  with 
head,  using  a  wide,  flat  mill  file. 


Top  Surface  Refinishing 

Under  certain  conditions,  a  cylinder  block  may  be  salvaged 
by  removing  a  maximum  of  0.010  in.  [0.2540  mm]  of  ma- 
terial from  the  top  surface. 

1.  Use  either  a  milling  machine  or  large  surface  grinder;  lo- 
cate block  on  main  bearing  pads,  not  on  pan  ledge. 

2.  Make  light  cuts  of  0.001/0.003  in.  [0.0254/0.0762  mm]  deep, 
removing  only  enough  material  to  make  block  usable. 

3.  Check  distance  from  centerline  of  main  bearing  bore  to  top 
of  block,  Figs.  1-1-17  and  1-1-18. 

a.  Find  this  dimension  by  placing  block,  top  down,  on  a  flat 
surface  plate  and  measuring  from  main  bearing  bore  cen- 
terline to  plate,  Table  1-1-11. 


Fig.   1-1-18.     Cylinder  liner  countorbore   cross  section 
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b.  An  alternate  method  is  to  check  distance  from  installed 
main  bearing  bore  alignment  bar  to  top  surface  of  block, 
Table  1-1-12. 

c  Distance  from  head  surface  to  main  bearing  bore  center- 
line  must  not  vary  more  than  0.002  in.  [0.0508  mm]  through- 
out length  of  block.  Head  surface  flatness  must  not  vary 
over  0.002  in.  [0.0508  mm]. 


5.  Resurface  counterbore  to  obtain  proper  liner  protrusi 


Cylinder  Liner  Counterbore 

Resurface  cylinder  liner  counterbore  if  block  has  beer 
surfaced,  ledge  is  uneven  or  where  liner  protrusion  is 
correct.  Counterbore  Tool  with  appropriate  ada 

plate  is  used  for  this  operation. 


1.  Use  Adapter  Plate 


for  C  engines 


2.  Check  counterbore  tool  bit  before  boring  operation. 

a.  A  correctly  ground  tool  bit  will  leave  counterbore  sur 
complete  flat  or  cupped  to  a  30-minute  angle  (the  cu 
preferred)  with  a  0.005/0.015  in.  [0.1270/0.3810  mm]   ra 
as  shown  in  (A  Fig.  1-1-18). 

b.  A  correctly  ground  tool  bit  is  shown  in  Fig.  1-1-19.  Poii 
is   0.008/0.012   in.   [0.2032/0.3048   mm]    radius;   side    suri 
must  be  ground  flat  to  sharpen. 


Table  1-1-11:  Cylinder  Block  Height  From  Main 
Bearing  Centerline  (B,  Fig.  1-1-17) 


New  Dimensions  Worn 

Minimum  Maximum  Limit 

In.         [mm]  In.         [mm]  In.         [mm] 

15.122  [384.0988]  15.124  [384.1496]  15.114  [383.8956] 


Table  1-1-12:  Cylinder  Block  Height  From  Alignment 
Bar  (A,  Fig.1-1-17) 


New  Dimensions 

Minimum 

In.         [mm] 


Maximum 
In.  [mm] 


Worn 
Limit 
In.  [mm] 


13.0600  [331.7240]     13.0615  [331.7621]      13.0500  [331.4700] 


4.  Finish  surfaces  to  125  R.M.S. 
Note: 


this  operation        can  be  done  only 


Fig.    1-1-19.     Counlerboring   tool   bit   specifications 


3.  Position  tool  adapter  in  liner  bore. 

4.  Tighten  top  and  bottom  locating  pins  by  turning  in  soc 
head  screws. 

5.  Set  tool  adjustable  sleeve  so  blade  just  touches  bottor 
counterbore  ledge.  Use  lubricating  oil  on  cutter  blade 

6.  Turn  tool  in  clockwise  rotation  with  even  pressure. 

Caution:  Never  turn  tool  counterclockwise.  Doing  so 
damage  cutter  blade. 

7.  Use  a  series  of  light  cuts  to  clean  up  entire  circumfert 
of  seat. 


Caution:  Under  no  circumstances  may  Inside  diameter  of 
edge  be  lower  than  outside  diameter.  A  ledge  that  droops 
oward  center  could  contribute  to  cylinder  liner  breakage. 
Maximum  counterbore  depth  after  boring  must  not  exceed 
imit  given  in  Table  1-1-5. 

Chamfer  edge  of  counterbore  ledge  45  degrees  after  coun- 
erboring.  See'  (B  Fig.  1-1-18).  Do  not  chamfer  deeper  than 
t.002/0.005  in.  [0.0508/0.1270  mm] 

avoid  reducing 
iner  seating  area. 

Jse  shims  to  compensate  for  metal  removed  and  to  restore 
iner  protrusion  to  0.004/0.006  in.  [0.1016/0.1524  mm].  Shims 
ire  available  as  shown  in  Table  1-1-13. 

Jote:  Use  as  few  shims  as  possible,  i.e.,  use  one  thick  shim 
n  preference  to  two  or  more  thinner  shims.  Never  use 
hims  thinner  than  those  listed. 
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Fig.   1-1-20.     Standard   and   oversize   counterboro   diameters  N20149 


Jversize  Cylinder  Liner  Counterbore 


•nlarge  block  counterbore  diameter  to  4.894/4.896  in. 
124.3076/124.3584  mm!  (B,  Fig.  1-1-20)  with  a  vertical  boring 
lar  or  equivalent.  Non-press-fit  liner  bore  (A,  Fig.  1-1-20) 
/as  4.874/4.876  in.  [123.7996/123.8504  mm]. 

ixtend  cut  to  only  0.200/0.250  in.  [5.0800/6.3500  mm]  (C,  Fig. 
-1-20)  below  surface  of  block. 

Caution:  Do  not  extend  cut  full  depth  of  counterbore  or 
iner  shims  will  not  locate  correctly. 

lemove  sharp  corners  and  burrs. 

Jse  shims  as  listed  in  Table  1-1-13  as  necessary  during 
ner  assembly. 


Cylinder  Head  Capscrew  Threads 

?heck  cylinder  head  capscrew  hole  threads  in  block.  If 
hreads  are  damaged,  block  may  be  repaired  by  installing 
teli-coi!  inserts. 


/,  V<  In.  [19.0500  mm]  cylinder  head  capscrews. 

a.  Drill  out  old  threads  with  13/i6  in.  [20.6375  mm]  drill  to  1l5/i6 
in.  [49.2125  mm]  depth. 

b.  Rough  and  finish  tap  drilled  hole  with  tap  from  ST-595  to 
1l9/32  in.  [40.4812  mm]  depth. 

c.  Install  insert,  with  inserting  tool.  Break  off 
notched  lead  tang  of  insert. 

ft,,, Paint  outside  of  cylinder  block  with 
engine  paint* 


Table  1-1-13:  Cylinder  Liner  Counterbore  Shims 


Thickness 
In. 


[mm] 


Part  No. 
C 


0.0063/0.0077  [0.1600/0.1955]  124107 

0.0072/0.0088  [0.1828/0.2235]  124108 

0.0081/0.0099  [0.2057/0.2514]  124109 

0.018/0.022  [0.4572/0.5588]  124110 

0.028/0.034  [0.7112/0.8636]  124111 


Cylinder  Liners -Unit  102 


Cleaning  And  Inspection 

1.  Remove  rust  and  scale  from  liner  exterior  with  wire  brush 
or  by  similar  cleaning  operation. 

2.  Check  for  cracks  in  cylinder  liners  just  under  top  flange, 
at  bottom  of  liner,  or  above  top  seal  ring  groove.  Check 
by: 

a.  Magnetize  liner  if  magnetic  equipment  is  available. 

b.  Pour  magnetic   solution   over  liner  while   it  is  still    mag- 
netized. 

Note:  Cast  iron  will  not  hold  magnetism  permanently. 

c.  If  magnetic   inspection   cannot  be  performed,  clean   liner 
thoroughly. 

d.  Spray  suspected  area  with  dye  penetrant. 

e.  Allow  penetrant  to  dry  for  fifteen  minutes.  Do  not  "force" 
dry;  remove  excess  dye. 

f.  Spray  with  developer  and  check  for  crack  indications.  See 
Page  1-1-2,  "cracks". 

3.  Discard  any  liner  with  excessive  corrosion  or  erosion  and 
pits  Vi6  in.  [1.5875  mm]  deep  or  more. 

4.  Check  underside  of  liner  flange  for  dents,  pitting  or  fret- 
ting. Discard  liner  if  any  unevenness  cannot  be  removed  by 
lapping. 

5  Check  worn  liners  with  dial  bore  gauge,  Fig.  1-2-1.  If  liners 
are  worn  more  than  0.004  in.  [0.1016  mm}  in  excess  of  new 
liner  maximum  diameter,  replace  or  hone  to  next  oversize. 
See  Table  1-2-1  for  new-liner  dimensions.  Pistons  for  over- 
size liners  are  available  in  0.020,  0.030  and  0.040  in.  [0.5080, 
0.7620  and  1.0160  mm]  oversizes. 


Table  1-2-1:  Std.  Cylinder  Liner  Inside  Diameter  — 
In.  [mm] 

Engine     Liner          New  Dimensions  Worn 

Series     Material     Minimum        Maximum        Limit 


Fig.  1-2-1.    Measuring  liner  bore 


N201 


6.  Mark  liners  to  be  reused  for  ridge  cutting,  boring  or  grin- 
ing  and  honing  if  worn  less  than  above  limits  and  othe 
wise  undamaged  in  area  (1,  Fig.  1-2-2). 


Cast  Iron   4.4370 

[112.6998] 


4.4380 
[112.7252] 


4.4420 
[112.8268] 


Fig.  1-2-2.    Worn  ridge  in  cylinder  liners 
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Note:  Dimensions  at  60/70°  F.  [15.8/21.1°  C.];  new  liners 
with  lubrite  finish  may  be  0.0002/0.0006  in.  [0.0050/0.0152 
mm]  smaller  than  indicated  due  to  lubrite  coating. 


Grind  Cylinder  Liners 

Cylinder  liners  should  not  be  reused  without  reboring 


regrinding  if  they  exceed  worn  limits.  Pistons  and  rings  are 
available  in  0.020,  0.030,  0.040  in.  [0.5080,  0.7620  and  1.0160 
mm]  oversizGs.  Add  oversize  increments  to  standard  di- 
mensions to  determine  final  oversize  dimension  desired. 

Remove  ridge  at  top  of  worn  liners  with  a  ridge  cutter,  or 
other  means,  to  prevent  damage  to  new  rings. 

Grind  or  bore  liners  to  next  standard  oversize. 

Finish  hone  liners  to  proper  finish.  See  "Liner  Honing". 


Liner  Honing 

Honing  operation  described  below  is  not  designed  to  en- 
large cylinder  bore  several  thousandths  [millimeters]  for 
oversize  pistons  and  rings.  When  honing  oversize,  both 
roughing  and  finishing  stones  are  used.  Recommendations 
given  are  specifically  designed  to  put  proper  finish  and 
geometric  design  in  cylinder  liner  with  a  minimum  of  stock 
removal.  For  this  reason,  only  one  grit  size  is  used  and 
stones  are  used  wet. 

Walls  can  be  straightened  with  4  or  5  final  passes  through 
bore.  Proper  finish  will  be  on  walls  due  to  fine  grading  of 
stone  recommended.  Visual  inspection  of  liner  honed,  ac- 
cording to  recommendations,  will  indicate  importance  of 
using  equipment  and  procedures  which  give  the  operator 
maximum  control  of  operation. 


Initial  Set-up 

Place  cylinder  liner  in  cylinder  bore  of  a  scrap  block  with- 
out packing  rings  or  crevice  seal.  Upper  liner  bore  in  block 
should  be  relieved  so  liner  will  drop  into  place  very  easily. 

Tap  two  water  holes  and  assemble  capscrews  and  soft 
washers  to  holes  making  sure  soft  washers  are  over  liner 
flange,  but  do  not  extend  into  bore  of  liner.  Tighten  finger 
tight  and  make  an  initial  check  for  distortion  on  the  new 
fixture  as  follows: 

Place  dial  gauge  in  cylinder  liner  about  1'/j  in.  [38.1000 
mm]  from  top. 

Watch  gauge  for  movement  while  capscrews  are  tightened 
to  secure  liner. 

Loosen  capscrews  and  move  dial  bore  gauge  to  another 
position  in  liner  bore  and  repeat  check  while  tightening 
capscrews. 

If  distortion  is  noted,  remove  liner  and  check  for  dirt  be- 
tween flange  and  counterbore  ledge.  Also,  check  flatness 
of  counterbore  ledge.  If  liner  is  seating  evenly  on  ledge, 
distortion  will  be  less  than  0.0003  in.  [0.0076  mm]  and  barely 
noticeable. 

Assemble   a  Honing    Stand 

to  cylinder  block.  Use  wooden  blocks  to  adapt 


base  to  bore  size;  then  use  expanding  foot  to  tighten  base 
to  stand  in  bore. 

4.  Assemble    upper   support   arm    to    stand    and    attach    drill 
handle  to  canvas  loop. 

5.  Place  a  Quick  Coupler,  se- 
curely in  drill  chuck,  Fig.  1-2-3. 


Fig.  1-2-3.    Honing   liner 
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6.  When    installing  Coarse    Finishing   Stone 

Set  carefully   note   manufacturer's   instruc- 

tions concerning  their  assembly  to  Cyl- 

inder Hone  and  suggested  use. 


7.  Insert  hone  assembly  into  top  of  cylinder  liner.  Raise  cen- 
ter pinion  (knurled  nut)  assembly  1A   in.   [6.3500  mm]   and 
turn  counterclockwise  (left)  to  expand  stones  to  approxi- 
mate bore  size,  Fig.  1-2-4.  Push  center  pinion  down  until 
its  inside  gear  engages  outside  gear  on  hone  body.  Attach 
hone  to  quick  coupler. 

8.  Swing  upper  support  arm  so  drill  and  hone  are  approxi- 
mately over  center  of  liner  bore.  Adjust  length  of  canvas 


Fig.  1-2-4.     Initial   stone  expansion 
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strap  attached  to  drill  so  hone  hangs  with  ends  of  stones 
extending  out  of  liner  bore  approximately  1  in.  [25.4000  mm]. 

9.  Adjust  stroking  stop  (collar  and  wing  screw)  so  stones  will 
not  extend  more  than  1  in.  [25.4000  mm]  from  bottom  of 
cylinder  liner  at  end  of  down  stroke.  Put  enough  down 
pressure  on  hone  to  make  sure  they  will  not  hit  obstruc- 
tions beneath  liner  during  honing.  Secure  stop  collar  when 
setting  is  correct  to  clear  stones. 

10.  Do  not  start  drill  motor.  Practice  stroke  a  few  times  for 
"feel"  with  stones  expanded  loosely  in  liner  and  not  in  ac- 
tual contact  with  walls.  Down  stroke  hits  stop,  but  operator 
must  stop  stroke  at  top  allowing  stones  to  extend  out  top 
of  bore  «/i  in.  [12.7000  mm]  to  1  in.  [25.4000  mm].  Stroking 
speed  required  to  produce  a  35°  to  45°  Crosshatch  is  ap- 
proximately 50  strokes  per  minute,  Fig.  1-2-5. 


Fig.  1-2-5.    Cylinder  liner  cross-hatch  pattern 
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Note:  It  is  very  important  to  have  a  45°  Crosshatch  patt 
to  enable  the  piston  rings  to  shear  or  peel  the  sharp  ric 
points  during  break-in.  If  pattern  is  nearly  horizontal  so 
pattern  engagement  and  tearing  may  occur.  If  pattern 
vertical,  this  forms  a  path  for  blow-by. 

11.  Disconnect  hone  and  remove  from  liner. 

12.  The  edges  and  corners  of  new  stones  are  very  sharp.  Ti 
a  hand  hone  and  slightly  round  all  corners  and  edges 
reduce  tendency  to  crumble  when  stones  are  first  used 

13.  Re-check  set-up  and  become  familiar  with  hone  mechani 
and   stroke.   Check    manufacturer's    instructions    packac 
with  components. 


Honing  Operation 

1.  Check  liner  in  honing  fixture  to  make  sure  it  is  secure. 

2.  Check  liner  with  dial  bore  gauge  to  determine  how  wi 
pattern  must  be  removed.  In  this  case,  assume  that  lir 
has   a  slight  ring   at  top,   0.002   in.   [0.0508  mm]   wear  a 
out-of-roundness  in  ring  travel  area.  It  tapers  in  at  botti 
of  bore  due  to  lack  of  wear  in  that  area. 

3.  Assemble  hone  to  liner  bore.  Expand  stones  to  diameter 
cylinder    bore    with    quick-acting    center    pinion    assem 
(knurled  nut)  as  described  under  "Sot-Up". 

4.  Expand  stones  and  guides  firmly  against  cylinder  walls 
turning  winged  collar  clockwise  on  top  of  pinion  assemt 
Do  not  tighten  too  tight. 

5.  Apply  Honing  Oil  freely  to  stones,  guic 
and   cylinder  walls  with   brush    or  oil   can    after   attach! 
hone  to  Quick  Coupler. 

6.  Grasp   drill   handles    (  Heavy   Duty   drill 

with  a  300  rpm  no-load  speed)  firmly  and  ti 
on  motor.  Let  extension   handle  contact  vertical  stand 
absorb  torque  of  motor.  Use  hand  on  handle  (with  switc 
to  keep  drill  and  hone  over  center  of  liner. 

7.  Stroke  as  follows:  Move  to  bottom  of  bore  and  bring  ho 
up  half-way  in  bore.  Then  go  back  to  bottom  of  bore,  i 
next  upstroke  come  all  the  way  to  top  (don't  let  stones  i 
tend   more  than    Vj/1    in.    [12.7000/25.4000   mm]   out   top 
bore)  and  return  to  bottom  repeating  double  stroke  in  b 
torn  of  bore.  After  6  to  8  strokes  have  been  made  to  top 
bore,   double   stroke    both   top   and   bottom   of   bore.   T 
action  removes  stock  faster  at  opposite  ends  of  bore 
moving  tapered   condition  of  liner.  The  first  honing   cy> 
should    last   only   10/15    seconds;   then    shut   off   drill    a 
check  for  results.  At  first  it  may  be  wise  to  remove  he 
and  check  with   dial   bore  gauge  to  become  familiar  v« 
cutting  speed  of  stones.  Make  a  visual  inspection  of  b< 
frequently  and   add  oil  to  keep  stones   clean  and   cutt 
freely. 

8.  Apply  oil  and  operate  for  another  10/15-second  cycle 
needed,  double  stroking  either  end  that  is  smaller  in 
ameter  than  ring  area.  This  operation  is  designed 
straighten  wall  of  bore  and  remove  carbon  ring  at  t 


^eep  stones  cutting  by  adjusting  pressure  with  winged  col- 
ir.  A  slight  reduction  in  drill  speed  will  be  noted  when 
tones  are  cutting.  Torque  action  felt  on  drill  handles  also 
;  a  good  indicator. 

hirty  to  forty  seconds  honing  time  can  remove  0.001/0.002 
i.  [0.0254/0.0508  mm]  from  bore  depending  upon  stone 
ressure.  Straighten  bore  quickly  by  double  stroking;  then 
nil  stroke  bore  only  enough  to  lay  a  uniform  finish  on  the 
/alls.  The  total  honing  time  will  usually  run  about  20/40 
econds  to  perform  what  is  commonly  called  a  deglazing 
ipe;ntion. 

Uter  pattern  is  uniform,  stop  hone;  adjust  stones  to  a  firm 
iut  light  pressure.  Apply  oil  and  make  4  or  5  full-length 
trokes  and  shut  drill  off  while  continuing  stroke.  Double 
troke  in  bottom  if  necessary  to  time  actual  stopping  of 
lone  rotation  when  hone  is  at  top  of  bore.  This  preserves 
:ross-hatch  pattern,  and  puts  true  stone  pattern  (20/30  rms 
mish)  on  cylinder  walls,  Fig.  1-2-5. 

Jrna  is  a  convenient  abbreviation  for  root  mean  square,  a 
mathematical  term  indicating  the  average  irregularity  of 
iurface. 

"his  slightly  irregular  surface  on  the  cylinder  liners  is  re- 
quired so  new  piston  rings  and  reworked  liners  will  break 
n  (or  wear  in)  together. 

t  is  also  necessary  to  have  basic  honed  pattern  in  liners 
o  retain  some,  oil  in  valleys  as  piston  rings  scrape  away 
/il  on  liner  wall:;,  if  walls  were  smooth,  they  would  quickly 
un  dty  and  score. 

?emove  hone  from  liner  and  remove  liner  from  fixture. 


a  final  check  of  bore  size  and  make  sure  that  carbon 
ing  at  top  and  thrust  wear  pattern  are  removed.  Note  angle 
)f  cross-hatch  to  check  stroke  speed.  Refer  to  Table  1-2-1 
or  specifications  concerning  maximum  bore  size.  Out-of- 
oundness  should  not  exceed  0.0015  in.  [0.0279  mm]  ex- 
:ept  at  assembly  as  noted  under  "Assembly  Group  14".  If 
itones  have  been  kept  wet,  walls  will  show  a  uniform  satin 
inish  and  will  be  of  proper  20/30  rms  finish.  If  a  smooth, 
ihiny  finish  is  noted,  it  is  probably  due  to  lack  of  oil,  or 
notoring  hone  too  long  in  final  honing  cycle.  As  oil  dis- 
ippears  from  walls,  stones  tend  to  load  and  become  dull. 
Honing  oil  keeps  stones  sharp  and  promotes  true  cutting 
jction. 


bores.  Note  gray  and  even  black  residue  that  appears  with 
oil  on  white  towels.  This  is  honing  debris  that  remained  on 
liner  walls.  Repeat  application  of  lubricating  oil  and  wipe 
off  with  white  paper  towels.  If  honing  debris  is  still  pres- 
ent, repeat  lubricating  oil  treatment.  Usually  liners  will  ap- 
pear clean  on  second  application.  Liners  must  be  com- 
pletely cleaned  after  honing.  After  soap  and  hot  water 
treatment,  liners  will  appear  clean  when  a  paper  towel  is 
wiped  through  dry  bore.  This  is  a  false  indication  since 
lubricating  oil  treatment  will  remove  additional  abrasive 
material.  We  cannot  be  too  emphatic  about  importance  of 
thoroughly  cleaning  liners  after  honing. 

Note:  Always  install  new  liner  packing  rings  and  crevice 
seals  (as  used)  when  assembling  liner  to  engine. 


Cleaning 

^fter  liners  are  honed,  they  must  be  cleaned  thoroughly 
with  solvent,  steam  cleaner  or  hot  soap  and  water.  It  is 
-ecommended  that  cleaning  operation  be  ended  by  scrub- 
bing bore  with  a  bristle  brush  to  remove  as  much  honing 
debris  as  possible.  Blow  liners  dry  with  compressed  air. 

3oat  bore  of  liners  generously  with  clean  lubricating  oil. 
If  possible,  let  liners  stand  5  or  10  minutes  before  next 
step. 
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Cleaning  And  Inspection 

1.  Clean  gears  or  assemblies  in  cleaning  solvent. 

2.  Check  ball  bearing-equipped  gears  for  worn  or  rough-run- 
ning bearings. 

3.  Check  bushings  in  idler  gears  to  the  dimensions  in  Table 
1-3-1. 

4.  Check  pears  for  worn,  broken  or  cracked  teeth.  Mark  for 
replacement  as  necessary. 


7.  Place  spring  retainer  over  idler  driven  gear  cam  ; 
idler  leaf  springs  and  four  pins  in  place,  Fig.  1-3-1. 

Caution:  Idler  leaf  springs  are  made  from  spring  < 
will  cause  a  serious  injury  if  allowed  to  fly  loose 
are  forced  between  gear  cam  and  spring  retainer 

8.  Assemble  thrust  washer  to  idler  gear  hub,  Fig.  1-3-S 

9.  Mount  retainer  plate,  blower  gear  and  idler  gear 
secure  with  capscrews. 

10.  Peen  capscrews  in  place. 


Table  1-3-1: 

Idler  Gear  Bushings  —  In.  [mm] 

Engine 
Series 

New  Dimensions          Worn 
Location         Minimum    Maximum    Limit 

C-180 
C-180 

Gear                2.125            2.126            2.127 
Bushing           [53.9750]      [54.0004]    [54.0258] 

Gear  Hub        1.500            1.501             1.502 
Bushing           [38.1000]      [38.1254]      [38.1508] 

Parts  Replacement  And  Repair 
Supercharger  Idler  Gear 

1.  It  should  not  be  necessary  to  rebuild  this  unit  unless  it  has 
become  noisy  or  loose,  thus  indicating  broken  leaf  springs 
or  worn  bushings. 

2.  If  disassembly  is  necessary,  proceed  as  follows: 

a.  Remove    capscrews    and    idler   drive    hub    (5,    Fig.    1-3-3), 
blower  gear   (18),  thrust  washer   (6)    and   spring   retaining 
cover  (15)  from  assembly. 

b.  Carefully  pry  and  remove  idler  leaf  springs  (13),  4  spring- 
retaining  pins   (12),  and   separate   idler  driven   gear   from 
spring  retainer. 

3.  Replace  all  broken  or  damaged  idler  leaf  springs. 

4.  Check  supercharger  idler  gear  bushings  (9)  and  idler  hub 
bushings  (4).  See  Table  1-3-2. 

5.  Check    idler   gear    hub;    if   worn    smaller    than    2.1215    in. 
[53.8861  mm],  replace  hub.  New  hubs  are  2.1225/2.1235  in. 
[53.9115/53.9369  mm]  diameter. 

6.  Check  thrust  washer  for  wear.  Replace  as  needed.   See 
Table  1-3-2. 


Fig.  1-3-1.     Installing   idler   leaf   springs 


Fig.  1-3-2.     Assembling   supercharger   idler  gear 


rj.  1-3-3.    Supfi'uh  irger  idler  gear  —  exploded  view 
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'able  1-3-2: 


Idler  Thrust  Washers 


'art  New  Dimensions  Worn 

lumber        Minimum  Maximum  Limit 

In.  [mm]  In.  [mm]  In.  [.rim] 


3631  0.096  [2.4384]      0.106  [2.6924]      0.091    [2.3114] 

8632  0.061   [1.5494]      0.063  [1.6002]      0.059  [1.4986] 

B633-1          0.192  [4.8768]    '0.194  [4.9276]      0.190  [4.8260] 


^ounterbalancer  Drive 

he  raised  counterbalancer  has  an  idler  drive  gear  located 
n  the  gear  cover;  refer  to  Unit  111  this  group. 

he  counterbalancer  located  in  oi!  pan  has  an  idler  drive 
ear  located  on  lubricating  oil  pump;  refer  to  Group  7, 
init  705. 
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Disassembly 

1.  If  crankshaft  gear  is  chipped,  cracked,  broken  or  worn  re- 
move lockplate  and  nut  (if  used). 

2.  Attach  a  circular-type  puller,  as  illustrated  in  Fig.  1-4-1,  be- 
hind the  crankshaft  gear. 


Fig.  1-4-1.    Pulling  crankshaft  gear  with  ring-type  puller 
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3.  Apply  75  to   100  ft.   Ibs.   [10.3725/13.8300   kg    m]   on    puller 
screw. 

4.  Heat  gear  with   heating  torch  —  not  a   cutting   torch  —  to 
300°/400°  F.  [148.9°/204.4°  C.].  The  gear  will  expand,  mak- 
ing it  easier  to  pull. 

5.  Remove  gear  key. 

6.  If  crankshaft  gear  condition  is  satisfactory,  do  not  remove. 


Cleaning  And  Inspection 

1.  Inspect  crankshaft  visually  for  scratches,  nicks,  cracks  and 
obvious  wear  pattern. 

2.  Measure  crankshaft  journals  with  micrometers.  See  Fig.  1- 
4-2  or  1-4-4  and  Table  1-4-1. 


Fig.   1-4-2.    Checking   thrust   Mange   for  woar 


are  worn  out-of-round  more  than  0.002  in.  [0.0508  mrn 
1-4-4. 


Clean  Drillings  In  Crankshaft 

1.  Remove  all  pipe  plugs. 

2.  Clean  all  drilled  oil  passages  in  crankshaft  with  a  ro 
rag  as  if  cleaning  a  rifle  barrel,  Fig.  1-4-6. 

3.  Install  and  tighten  plugs  to  5  ft.  Ibs.  [0.6915  kg  m]  to 

4.  Stake  pipe  plugs  by  making  a  1/64  in.  [0.3969  mm]  ini 
tion  at  outside  diameter  of  threads  with  center  punc 


Inspect  Crankshaft  Thrust  Flange 

1.  Carefully  examine  crankshaft  thrust  flange  at   No.  7 
bearing  (No.  5  on  4  cylinder  engines),  Fig.  1-4-2.  If  s 
is   scored   or    scratched,   flange   should    be    regrour 
oversize  thrust  rings. 

2.  Reground  crankshafts  or  those  used  with  oversized 
rings  should  be  marked  so  the  correct  thrust  rings  \ 
installed  in  their  proper  position,  Fig.  1-4-5. 

a.  The   marking   should   be  stamped    on   the   rear   cran 
web. 


3.  Check  crankshaft  for  out-of-round   condition.   Crankshafts          b.  Both   the  thrust   ring   size  and  ring    location    must 
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•ig.  'i-4-3.    Crankshaft  dimension  points 
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:or  example:  front  — 0.010  in.  [0.2540  mm]  and  rear  — 0.020 
n.  [0.5080  mm]. 

Measure  for  flange  wear  by  checking  K  dimension,  Fig. 
-4-3. 

f  wear  does  not  exceed  0.003  in.  [0.0762  mm]  at  any  one 
>oint,  flange  condition  is  acceptable. 

f  wear  is  0.003  in.  [0.0762  mm]  or  more,  regrind  flange  to 
estore  flatness.  If  total  wear  and  regrinding  does  not  ex- 
:eed  0.005  in.  [0.1270  mm],  standard  thrust  rings  may  be 
ised. 

f  worn  more  than  0.007  in.  [0.1778  mm],  flange  should  be 
jround  for  0.010  or  0.020  in.  [0.2540  or  0.5080  mm]  oversize 
hrust  rings  or  built  up  by  electric  arc  welding  and  re- 
jround  to  specifications.  Mark  as  noted  in  a,  b  and  c 
above. 


g.  Regrind  must  clean  up  a  minimum  of  90%  of  the  thrust 
surface. 

h.  The  regrind  or  resurfacing  must  result  in  maintaining  in- 
stalled crankshaft  end  clearance  below  0.015  in.  [0.3810 
mm). 


Magnetic  Inspection 

1.  Wet  complete   surface  with   magnetic  particle   suspension 
before  applying  current. 

2.  Table  1-4-2  lists  magnetizing  currents  that  should  be  used. 

3.  Flow  magnetic  particle  suspension  over  part  in  advance  of 
placing  part  through   coil.  Turn  current  on  coil  and  move 
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fable  1-4-2:  Magna-Flux  Magnetization 

Direction  of  Defect       Longitudinal        Circumferential 


DC  or  rectified  AC       1200  amps 
^iC  equipment  1400  amps 

Magnetizing  Method     Head  Shot 


3600-4000  amp  turns 
4200-4700  amp  turns 
Coil  Shot 


Mote:  Ampere-turns  is  amperage  flowing  through  coil  mul- 
iplied  by  number  of  turns  in  coil;  above  is  for  4-turn  coil. 


:oil  full  length  of  part. 

f  shaft  parts  are  within  2  or  3  in.  [50.8000  or  76.2000  mm] 
)f  coil  I.D.,  ample  magnetism  will  be  obtained  if  3  shots  of 
jurrent  are  passed  through  coil  while  it  is  at  each  end  and 
:enter  of  part  length. 

-imits  of  Acceptability. 

Jnless  otherwise  stated,  limits  of  acceptability  apply  only 
o  light  slag  or  oxide  stringers  usually  defined  as  inherent 
nclusions.  Obvious  cracks  and  circumferential  or  trans- 
'erse  defects  are  not  acceptable. 

-imits  listed  in  following  steps  must  be  maintained  within 
•egion  "C"  (Critical  Region)  shown  in  Fig.  1-4-7.  Dimen- 
sional value  of  "C"  is  vertical  distance  measured  down- 
ward from  crankpin  center-line  and  extending  longitudi- 
lally  for  all  crank  webs  between  region  "X"  on  crankpin 
ind  region  "X"  on  main  journal. 

ndications  located  less  than  1  in.  [25.4000  mm]  from  major 
ixis  or  centerline  of  adjacent  web  (measured  circumfer- 
jntially)  must  not  exceed  the  following  limits: 

Light  indications  in  or  entering  fillets  are  acceptable  if  not 
more  than  V«  in,  [3.1750  mm]  long  (open)  or  1A  in.  [6.3500 


(2)  Light  open  indications  on  crankpin  and  main  journal  walls 
or  bearing  surface  that  extend  closer  than  Va  in.  [3.1750 
mm]  to  fillets,  but  do  not  enter  fillets,  are  acceptable  if  3,\$ 
in.  [4.7625  mm]  long  or  less.  Light  subsurface  indications 
are  acceptable. 

d.  Indications  located  more  than  1  in.  [25.4000  mm]  from  ma- 
jor axis  or  centerline  of  adjacent  web  (measure  circum- 
ferentially)  must  not  exceed  following  limits: 

(1)  Light  open  indication  in  or  entering  fillets  are  acceptable 
if  3/ie  in.  [4.7625  mm]  long  or  less.  Light  subsurface  indica- 
tions are  acceptable. 

(2)  Light  open  indications  on  crankpin  and  main  journal  walls 
or  bearing  surfaces  that  extend  closer  than   Va    in.  [3.1750 
mm]  to  fillet,  but  do  not  enter  fillet,  are  acceptable  if  'A  in. 
[6.3500  mm]   or  less.   Light  subsurface  indications  are  ac- 
ceptable. 

(3)  Nicks  on  corners  of  webs  are  not  acceptable.  The  part  will 
be  acceptable  if  nick  can  be  removed  by  grinding  a  Vs  in. 
[3.1750  mm]  radius  on  corner. 

(4)  Imperfections  on  web  periphery  may  be  ground  out  to  a 
depth  of  Va  in.  [3.1750  mm]  maximum  using  a  1V;  in.  [38.1000 
mm]  minimum  radius  grinding  wheel,  provided  balance  lim 
its  are  maintained. 

(5)  Light  open  indications  that  pass  within  3/K,  in.  [4.7625  mm] 
of  a  crankpin   hole   are   acceptable   if   Vj    in.    [12.7000  mm] 
long  or  less  and  do  not  enter  the  oil  hole  chamfer  or  in- 
tersect the  45-  ±  10°  diagonal.  Only  those  subsurface  in- 
dications that  lie  closer  than  Vie  in.  [1.5875  mm]  to  surface 
(measured  at  the  chamfer  at  a  45°  ±  10°  diagonal)  are  not 
acceptable.   All   other   subsurface   indications   are   accept- 
able. 

e.  Light  open  indications  that  enter  the  chamfer  of  any  main 
bearing  oil  hole  are  acceptable  if  they  are  V«  in.   [9.5250 
mm]  or  less.  Subsurface  indications  ending  in  a  main  bear- 
ing oil  hole  are  acceptable. 

f.  Fine  subsurface,  salt  and  pepper  type  indications  are  per- 
mitted on  upper  and  lower  side  of  crankpins  on  trimming 
line. 

g.  Open  longitudinal  indications  within  region  "X"  which  are 
less  than  1Vn  in.  [38.5750  mm]  on  the  main  journals  and  VB 
in.   [22.2250  mm]   long   on   crankpins,   are   acceptable  after 
sharp  edges  have  been  stoned  0.002/0,004  in.  [0.0508/0.1016 
mm]  below  the  journal  surface. 

h.  Longitudinal  subsurface  indications  within  the  area  "X"  are 
acceptable. 

i.  Parallel  open  indications  that  meet  the  requirements  of  (s) 
and  other  requirements  on  length  and  frequency  are  ac- 
ceptable. 

j.  Parallel  subsurface  indications  are  acceptable. 

k.  Indications  that  contain  loose  or  foreign  particles  or  voids 
left  by  such  particles  are  not  acceptable. 

I.  Not  more  than  three  open  indications  are  to  appear  on  any 


Fig.  1-4-7.    Crankshaft  magnetic  inspection 


face  indications,  four  per  crankpin,  and  six  per  main  bear- 
ing Vi  in.  [3.1750  mm]  long  or  less,  if  not  forming  part  of  a 
long  intermittent  indication  or  entering  an  oil  hole  or  fillet, 
will  not  be  counted  as  indications  in  arriving  at  total  num- 
ber permitted.  However,  if  in  addition  to  showing  maximum 
number  of  acceptable  indications  for  the  whole  crankshaft 
the  part  also  shows  many  widely  scattered  short  indica- 
tions, it  will  be  rejected. 

m.  An  inclusion  which  is  intermittently  open  and  subsurface 
shall  be  considered  and  measured  as  an  open  indication 
after  the  original  indication  is  wiped  off.  The  entire  indica- 
tion must  first  meet  requirements  for  subsurface  limits. 

n.  Open  and  subsurface  indications  on  counterweights  and 
crankthrow  bevel  outside  the  critical  region  are  acceptable. 

o.  Seams  or  indications  outside  critical  region  that  extend 
over  crank  web  periphery  but  are  not  visible  on  crankpin 
wall  are  acceptable. 

p.  Open  seams  on  web  periphery  that  show  visual  depth  on 
crankpin  wall  may  be  removed  from  web  periphery  with  a 
V:  in.  [12.7000  inm]  radius  wheel,  provided  at  least  Vis  in. 
[1.5875  mm]  wall  remains  above  crankpin  fillet  after  repair 
and  balance  limits  are  maintained. 

q.  Indications  due  to  weld  defects  are  not  acceptable  in 
counterweight  welds.  Indications  at  corner  may  be  ground 
out  and  blended  to  depth  not  exceeding  1A  by  Va  in.  [6.3500 
by  15.8750  mm]  long. 


r.  Open  longitudinal  indications  in  flywheel  and  thrust  fl 
fillets  longer  than  3/a  in.  [9.5250  mm]  are  not  acceptable 

s.  For  limits  of  indications  on  oil  seal  surface  refer  to 
1-4-7.  Open  Magnaflux  indications  or  machining  de 
that  are  within  specification  limits  are  acceptable  ir 
shaded  areas  around  circumference  of  flange.  Open 
indications  which,  when  wiped  clean,  do  not  show  £ 
edges,  are  acceptable  in  the  Me  in.  [4.7625  mm]  sh 
area. 

6.  After  inspection  where  coil  shot  is  used,  give  crank 
head  shot  to  put  magnetic  poles  at  ends  of  crank, 
throws.  The  residual  magnetic  field  should  not  exceed 
units  on  the  Magnaflux  Field  Indicator  or  equal. 


Repair 

Check  Crankshaft  Hardness  Before  Regrinding 

1.  All    journals   should   be   checked   for   hardness    and 
check  within  40  to  50  Rockwell  C. 

2.  If  crankshaft  journals  check  below  40  Rockwell  C,  the 
should  be  hardened  to  a  0.090  in.   [2.2860  mm]   min: 
depth  and  45  to  50  Rockwell  C  before  regrinding. 

3.  This  check  should  also  be  performed  after  any  bearinc 


ure  even  though  there  was  no  seizure   or  crankshaft  dis- 
coloration. 

Soft  crankshaft  journals  are  more  susceptible  to  high  wear 
rate  and  breakage  than  those  properly  hardened. 


Grind  Crankshaft 

If  inspection  shows  crankshaft  is  worn  to  point  where  it 
must  be  reground  and  magnetic  inspection  shows  it  is 
suitable  for  regrinding,  grind  shaft  to  next  standard  under- 
size. 

If  crankshaft  is  sent  out  to  a  location  other  than  the  Factory 
for  regrinding,  make  sure  the  regrind  shop  certifies  that  all 
crankshaft  journals  are  hardened  to  45/50  Rockwell  C. 

Caution:  This  operation  must  be  performed  by  a  shop 
equipped  with  adequate  equipment  and  fully  trained  per- 
sonnel. 


Connecting  rod  and  main  bearing  shells  are  available  in 
0.010,  0.020,  0.030  and  0.040  in.  [0.2540,  0.5080,  0.7620  and 
1.0160  mm]  oversize. 

If  crankshaft  thrust  flange  is  worn,  repair  as  outlined  in 
"Inspect  Crankshaft  Thrust  Flange"  above. 

Caution:  Grind  only  the  worn  thrust  face.  Install  oversize 
thrust  rings  on  the  wearing  side  only.  Failure  to  do  so  will 
move  operating  position  of  crankshaft  and  cause  extremely 
high  wear. 

Regrind  crankshaft  to  undersize  and  hold  to  specifications 
shown  in  Fig.  1-4-3  as  noted  in  the  following  steps  and 
tables. 

Fillets  add  greatly  to  strength  of  crankshaft.  Reducing  fillet 
radii  or  undercutting  subtracts  materially  from  that  strength. 
Conversely,  if  fillets  are  larger  than  those  specified,  bear- 
ing shells  may  be  squeezed  and  will  fail  very  quickly.  Re- 
grind  fillets  to  values  shown  in  Table  1-4-1. 

Grind  width  of  crankpin  and  main  bearings  to  clean  up 
basic  face  surfaces. 

If  there  are  deep  interruptions  such  as  "gouges"  or  "nicks" 
that  do  not  extend  into  the  fillets,  smooth  the  edges  with 
polishing  paper. 

A  limit  of  0.030  in.  [0.7620  mm]  over  the  maximum  new 
crankshaft  main  bearing  width  specification,  Table  1-4-1 
shall  apply  in  regrinding. 

The  pin  wall  heights  are  not  to  be  lowered  to  less  than 
0.010  in.  [0.2540  mm]  from  the  pin  cheeks  in  regrinding  the 
pin  bearing  widths  on  all  crankshafts. 

An  attempt  should  be  made  to  keep  the  pin  wall  heights 
as  high  as  possible  while  still  accomplishing  the  purposes 
for  regrinding. 

All  fillet  and  bearing  surfaces  should  have  the  same  finish 
as  a  new  crankshaft. 


7.  Crankshafts  requiring  "off-stroke"  grinding  to  clean  up  an 
unusually  bad  out-of-round  pin  bearing  can  be  ground  off- 
stroke  a  maximum  of  0.020  in.  [0.5080  mm]  over  or  under 
the  mean  stroke  dimension  of  New  Crankshaft  Specifica- 
tions, Table  1-4-1. 

a.  All  pin  bearings  on  all  crankshafts  must  be  reground  to 
the  degree  of  "off-stroke"  required  by  the  worst  out-of- 
round  pin  bearing. 

8.  Maximum   runout  on   thrust  wall   of  Thrust   Main   Bearings 
shall  be  0.002  in.  [0.0508  mm]  T.I.R. 

9.  Gear-fit  diameter  is  acceptable  when  0.002  in.  [0.0508  mm] 
total  indicator  runout  is  not  exceeded  in  relation  to  adja- 
cent main  bearing. 

10.  Crankshafts    with    front    oil    seals    may    have    the    flange 
ground  to  a  diameter  not  to  exceed  0.010  in.  [0.2540  mm] 
under    the    new    crankshaft    diameter    after    grinding    and 
polishing. 

11.  The  entire  length  of  the  rear  flange  may  be  ground  a  max- 
imum   of    0.003    in.     [0.0762    mm]     under    new    crankshaft 
specifications. 

a.  If  the  rear  oil  seal  running  area  of  the  rear  flange  requires 
more  than  0.003  in.  [0.0762  mm]  grinding,  the  oil  seal  area 
may  be  step-ground  to  a  maximum  of  0.010  in.  [0.2540  mm] 
under  the  new  crankshaft  specifications  within  the  dis- 
tances "B",  Fig.  1-4-8.  The  ledge  area  "C"  must  be  cham- 
fered 0.040/0.060  in.  [1.0160/1.5240  mm]. 


Fig.   1-4-8.     Rear  seal   area  regrind   specifications 
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b.  The  runout  on  the  flange  is  not  to  exceed  0.002  in.  [0.0508 
mm]  T.I.R. 

12.  The  flywheel  pilot  or  flywheel  adapter  pilot  diameter  (0.40 
in.  [10.1600  mm]  in  width  area  "A"  Fig.  1-4-8.)  on  all  crank- 
shafts must  not  exceed  0.003  in.  [0.0762  mm]  undersize. 

a.  The  runout  on  the  rear  flange  is  not  to  exceed  0.002  in. 


Chrome  Plate  Crankshaft 

1.  Hard    chrome    plating    may    be    applied    only    to    following 
crankshaft  areas:  front  taper,  gear-fit  surface,  rear  oil  seal 
surface  and  flywheel  flange  surface. 

Caution:  Plating  of  bearing  journals  is  not  acceptable. 

2.  Surfaces  to  be  plated  should  be  free  from  pits,  tool  marks, 
and    all    irregularities.    Preserve    all    bevels,    chamfers    and 
radii. 

3.  If   necessary,   grind   surfaces   undersize    before   plating   to 
produce  minimum  plating  thickness  of  0.002/0.015  in.  [0.0508/ 
0.3810  mm]  when  plated  area  is  finished  to  standard  dia- 
meter. 

4.  Chemically  clean  surfaces  before  plating. 

Caution:  Protect  surfaces  not  being  plated.  Make  certain 
drill  passages  are  not  contaminated  with  protective  ma- 
terials used. 

5.  Plating  must  be  accomplished   in  a   continuous  operation. 
Double  plating  and  spot  plating  are  not  acceptable. 

6.  After  surfaces  have  been  plated,  heat  at  375°  F.  [190.5-'C.] 
for    three    hours    to     remove    effects    of    hydrogen    em- 
brittlement. 

7.  Inspect  plated  surfaces. 

a.  Perform  magnetic  inspection  as  described  above. 

b.  Check  plate  for  firm  bond  to  base  metal,  uniformity,  free- 
dom  from   frosty    areas,   pin    holes,    nodules,   blisters   and 
other  defects. 

c.  Check   drilled    passages    and    unplated    surfaces    to    make 
certain  they  are  free  of  plating  or  protective  materials. 


Assembly 

1.  Install  crankshaft  gear,  if  removed. 

Note:  Check  parts  catalog  for  proper  replacement  gear. 

a.  Install  key  in  shaft. 

b.  Heat  gear  with  heating  torch — not  cutting  torch — to  400°F. 
[204.4°  C.] 

C.  Lubricate  flange  with  Lubriplate  and  drive  gear  onto  shaft 
with  piece  of  tubing. 

d.  Install  lockplate  and  nut  (if  used). 


I 


Bearings—Unit  105 


Main  and  connecting  rod  bearings  are  two-piece  units  con- 
taining an  oil  hole  for  lubrication.  Thrust  bearing  "half- 
rings"  are  provided  at  the  rear  main  bearing  which  then 
becomes  a  six-piece  unit. 


than  0.002  in.  [0.0508  mm]  between  adjacent  main  beai 
See  Table  1-5-2. 


Inspect  Bearing  Shells 

1.  Gauge  shell  with  ball  point  micrometer,  dial  indicator  thick- 
ness gauge,  or  comparator,  Fig.  1-5-1. 


Fig.  1-5-1.    Gauging  bearing  shell 
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Table  1-5-1: 

Bearing  Shell  Thickness  — 

In.  [mm] 

Bearing 
Shell 

New  Dimensions 
Minimum           Maximum 

Worn 
Limit 

Main 

0.1231                0.1236 

0.1216 

Main 

[3.1267]              [3.1394] 

[3.0886] 

Con.  Rod 

0.0722                0.0727 

0.0710 

Con.  Rod 

[1.8338]              [1.8465] 

[1.8034] 

2.  Discard  shells  that  are  worn  more  than  0.002  in.  [0.0508  mm] 
or  if  chipped,  flaked,  or  scored.  See  Table  1-5-1  for  thick- 
ness of  standard  shells. 

3.  Total  worn  maximum  oil   clearance  should  not  vary  more 


Table  1-5-2: 

Journal  Clearance  —  In.  [mm] 

Bearing 
Shell 

New  Dimensions 
Minimum           Maximum 

Worn 
Limit 

Main 
Main 
Con.  Rod 
Con.  Rod 

0.0018 
[0.0457] 
0.0020 
[0.0508] 

0.0048 
[0.1219] 
0.0045 
[0.1143] 

0.0068 
[0.1727] 
0.0080 
[0.2032] 

Caution:  Under  no  circumstances  should  an  attem) 
made  to  scrape  bearing  shells,  nor  should  they  be  li 
or  filed  to  increase  oil  clearances. 

A  properly  fitted  bearing  will  appear  dull  gray  after  a 
sonable  period  of  service,  indicating  it  is  running  c 
oil  film.  Bright  spots  indicate  metal-to-metal  contacl 
black  spots  indicate  excessive  clearance. 


Crankshaft  Thrust  Rings 

1.  The  best  measurement  of  wear  on  crankshaft  thrust 
(half-rings)    is   the   crankshaft  end   clearance   check. 
"Engine  Assembly"  Section  14. 

2.  Oversize  thrust  rings  are  available  as  indicated   in 
1-5-3. 


Table  1-5-3:  Crankshaft  Thrust  Rings  — In.  [mm] 


Part 
Number 

New 
Minimum 

New                  ' 
Maximum 

Worn 
.imit 

150310 
150311 
150312 

0.151 
[3.8354] 
0.161 
[4.0894] 
0.171 
[4.3434] 

0.153 
[3.8862] 
0.163 
[4.1402] 
0.173 
[4.3942] 

"Use  Crankshaft  End  Clearance  Following: 
Crankshaft        0.004  0.015  0.022 

End  Clearance  [0.1016]  [0,3810]  [0.5588] 


3.  At  any  time  oversize  thrust  rings  art;  um.-d,  be  sure  to  use 
the  same  size  (thickness)  half-nnr)  on  both  t}ic  upper  and 
lower  positions.  Stamp  crankshaft  roar  wob  indicating  size 
used.  See  Page  1-4-1. 


Vibration  Dampers  — Unit  106 


On  engines  where   the   vibrating    forces    are   or   could    be- 
come harmful,  vibration   dampers  arc  supplied. 


Viscous  Dampers 

Viscous  dampers  operate  on  a  different  principle  and  are 
not  as  critical  in  their  operation.  Due  to  design,  operation 
over  a  greater  variation  in  load  and  mass  is  possible. 


Cleaning 


Viscous  dampers  should  be  cleaned  of  rust,  dirt  or  grease 
with  a  suitable  solvent  cleaner. 


Inspection 

Dampers  are   not  subject  to   Field   repair;  therefore,   if  in- 
spection shows  them  to  be  defective,  install  a  new  damper. 


Viscous   Dampers 

1.  Spray  damper  with  Spotcheck  #3  Developer,  Type  SKB-4- 
1,  or  equivalent. 

2.  Place    damper    in    oven    heated    to    200°  F.    [93"  C.].    Allow 
damper  to  reach  oven  temperature. 


3.  Remove  damper  from  oven  and  inspect  for  oil  smudges  or 
fluid  leakage. 

4.  If  oil  smudges  appear,  discard  vibration  damper. 

Caution:    Make    this    inspection    on    viscous-type    dampers 
only. 

5.  An  alternate  but  less  effective  method  for  inspecting  vis- 
cous dampers  is  by  shaking   damper.   Movement  of  loose 
pieces  will  be  felt  or  heard  if  fluid  has  been  lost.  Tap  front 
face  at  outside  and  inside  seal.  If  seal  is  broken,  a  hollow 
sound  is  heard  at  break. 

6.  The  viscous  damper  cannot  be  balanced  in  the  Field;  if  out 
of  balance  is  suspected  install  a  new  damper. 


Vibration  Damper  Mounting  Flange 

1.  Inspect   for   wear   at   oil    seal    contact    surface;    replace    if 
flange  is  grooved  deeper  than  0.005  in.  [0.1270  mm]. 

2.  Check  damper  mounting  capscrew  hole  threads. 

3.  Maximum  eccentricity  of  the  mounting  flange,  measured  on 
the  outside  diameter  of  the  pilot,  should  not  exceed  0.004 
in.  [0.1016  mm]  total  indicator  reading. 

4.  Wobble  of  the   flange,  measured    at  23A    in.    [69.8500  .mm] 
radius,  should  not  exceed  0.003  in.  [0.0762  mm). 

5.  The  above  readings  are  to  be  taken  after  assembly  on  the 
engine. 

Caution:  Crankshaft  must  be  kept  to   front  or  rear  thrust 
limit  while  wobble  is  checked. 


Connecting  Rods— Unit  108 


Inspection 

1.  Magnaflux  all  connecting  rods,  caps  and  bolts;  discard   if 
cracks  are  detected. 

Note:  Be  sure  rod  and  cap  are  kept  mated  at  all  times. 

a.  Check  rods  for  cracks  with  1800  ampere  current  AC  equip- 
ment or  1500  ampere  current  DC  or   rectified   AC  equip- 
ment longitudinally  between  plates. 

b.  Check  rods  for  cracks  with  3000  to  3400  ampere-turns  with 
AC  equipment  or  2600  to  2800  ampere-turns  with   DC   or 
rectified  AC  equipment  in  a  coil.  Pay  particular  attention 
to  shaded  critical  areas  shown  in  Fig.  1-8-7. 

Not*:  Ampere-turns  is  defined  as  the  amperage  flowing 
through  the  coil,  multiplied  by  the  number  of  turns  in  the 
coil.  Most  coils  contain  four  turns  and  therefore  only  700 
amperes  need  to  be  applied  with  DC  equipment,  or  850  am- 
peres with  AC  equipment. 

c.  Apply  one  and  one-half  percent  wet  solution  while  current 
is  on.  Make  visual  inspection  after  each  application  of  cur- 
rent. 

2.  Assemble  cap  to  rod  and  alternately  tighten   nuts  to  op- 
erating tension  by  Template  method  as  described  in  Table 
1-8-1. 


Table  1-8-1:  Template  Tightening  Connecting  Rod  Nuts 


Tightening 
Sequence 

Tightening  Values 
Ft.  Lb.  [kg  m] 

Step  1     Tighten  to 
Step  2    Advance  to 
Step  3    Loosen  all 
Step  4    Tighten  to 
Step  5    Advance  to 
Step  6    Advance 

15/20  [2.0745/2.7660] 
30        [4.1490] 
completely 
15/20  [2.0745/2.7660] 
30        [4.1490] 
60° 
"check 

*lf  less  than  38  ft.  Ibs.  [5.2554  kg  m]   is  required  to  move 
nut  clockwise,  replace  bolt. 


3.  Check  crankpin  bore  with  a  dial  bore  gauge  or  inside  mi- 
crometers.  Correct    size   is    important   to    provide   correct 
bearing  crush.  See  Table  1-8-2,  Fig.  1-8-1  and  (6,  Fig.  1-8-7). 

4.  Check  piston  pin  bushing  diameter  with  plug  gauge 
or  with  inside  micrometers.  See  Table  1-8-2,  Fig.  1-8-2  and 
(4,  Fig.  1-8-7). 


Fig.   1-8-1.    Checking   connecting   rod   crank   Journal   boro 
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Fig.   1-8-2.     Checking   connecting   rod   piston   pin  bushing 
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Table  1-8-2:  Connecting  Rod  Dimensions  —  In.  [mm] 


Crankpin  Bore 
New  Dimensions 
Win.          Max. 

Out-of- 
Round 
Limit 

Piston  Pin  Bushing 
New  Dimensions      Worn 
Min.           Max.          Limit 

2.7725       2.7730        0.0015        1.5000        1,5005        1.5015 
[70.4215]    [70.4342]    [0.0381]      [38.1000]    [38.1127]    [38.1381] 


check  rod  alignment. 


3.  Set  rod  in  fixture. 


Calibrate  Checking  Fixture  For  Rod  Size 

1.  Select  a  new  rod  that  has  been  checked  for  correct  abso- 
lute center  to  center  length.  C  rods  are  9.500  in. 
[241.3000  mm]  between  centers.  (Production  rods  may  vary 
from  9.498  in.  to  9.500  in.  [241.2492  mm  to  241.3000  mm]  (5, 
Fig.  1-8-7). 

2.  Assemble  cap  to  rod  as  described  in  Table  1-8-1. 

3.  Insert  piston  pin,  furnished  in  mandrel  set,  in  crank- 
pin  bore. 

t.  Insert  and  tighten  ("snug"  only)  expanding  arbor,  furnished 
with  Locating  Mandrels,  in  crankpin  bore. 

>.  Set  rod  in  fixture.  Fig.  1-8-3. 


Fig.   1-8-3.     Checking   rod   bore   alignment  N20168 


5.  Move  dial  holder  so  dials  indicate  on  piston  pin. 
f.  Zero  dial  indicators. 

3.  Lift  rod,   arbor  and   pin   assembly  from  fixture;  turn   hori- 
zontally 180°;  set  back  in  fixture. 

).  Readjust  dial  indicators  to  divide  difference  between  first 
and  second  readings,  fixture  is  now  calibrated, 


4.  Take  readings  for  length  and  misalignment  of  bores. 

5.  Turn   rod   180°.  Total   reading   must  not  exceed   0.008  in. 
[0.2032  mm]  when  connecting  rod  does  not  contain  bush- 
ing or  0.004  in.  [0.1016  mm]  with  bushing  installed  and  bored 
to  size.  This  is  combined  plus  and  minus  readings  of  in- 
dicator.   Length    must   read   ±0.001    in.    [±0.0254   mm]   on 
gauges. 

6.  Measure  rod  twist  with  a  feeler  gauge  between  piston  pin 
and   dial  holding   plate,   Fig.  1-8-4.  When  measuring  con- 
necting rod  twist  in  tool  ano<  r°d  does  no*  contain  piston 
pin  bushing,  twist  must  not  exceed  0.020  in.  [0.5080  mm]. 
Twist  must  not  exceed  0.010  in.  [0.2540  mm]  with  bushing 
in  place  and  bored  to  size. 


Fig.   1-8-4.    Checking   rod  twist  N20187 


Check  Centerline  of  Rod 

1.  Attach  indicator  so  it  will  contact  the 
side  milled  surface  of  piston  pin  end  of  rod. 

2.  Slide  crankshaft  end  of  connecting  rod  sideways  to  con- 

on same  side  as  indicator  gauge.  See  Step  1. 


3.  Zero  indicator  gauge  on  milled  surface. 

4.  Turn  rod  180°;  repeat  all  above  checks. 

Note:  Difference  in  reading  should  not  exceed  0.015  in. 
[0.3810  mm]. 


Check  Rod  Alignment 

I.  Measurements  read  directly  from  dial  indicator  indicate 
comparative  length  and  misalignment  of  bores.  Measure- 
ments apply  with  or  without  bushing  installed. 


Repair  Operations 
Restore  Fillet  ,' 

1.  Minimum  0.070  in.  [1.7780  mm]  fillet  radius  at  all  comers. 


(7,  Fig.  1-8-7).  Maximum  1A6  in.  [1.5875  mm]  metal  may  be 
milled  off  to  restore  radius. 

2.  Remove  nicks  and  dents  which  are  less  than  Vie  in.  [1.5875 
mm]  deep  by  grinding  or  filing  with  a  half-round  file.  Radi- 
us must  be  Vi  in.  [12.7000  mm]  or  more.  Blend  radii  at  ends 
of  cut.  Scrap  rod  if  dents  are  deeper  than  Me  in.  [1.5875 
mm]  (8,  Fig.  1-8-7). 


Chamfer  Piston  Pin  Bore 

1.  Chamfering  Tool  is  used  to  chamfer  tapered  piston 
pin  bushing  bore,  if  not  chamfered. 

2.  Install  proper  bushing  tool  detail  by  use  of  flat-head  screw. 

3.  Set  the   guide   screw  holder   in   position;  there   are   three 
notches,  so  guide  screw  will  follow  on  face  of  bore. 

4.  Adjust  tool  fit  until  point  just  clears  guide  screw  and  tight- 
en in  position  with  two  set  screws. 

5.  Install  unit  into  bore. 

6.  Adjust  the  guide  screw  (up  or  down)  until  tool  bit  just  en- 
gages bore. 

Note:  A  slight  pressure  is  required  against  guide  screw.  To 
obtain  this  pressure,  tighten  set  screw  in  end  of  holder 
against  guide  screw. 

7.  Insert  drive   ratchet  and  turn  tool   one   complete   turn   to 
clean  up  edge  of  bore. 

8.  Loosen  guide  screw  and  again  turn  tool  one  or  more  com- 
plete turns  to  give  a  clean  cut. 

Note:  Repeat  until  a  uniform  chamfer  of  0.040  to  0.060  in. 
[1.0160  to  1.5240  mm]  depth  is  reached. 

9.  Remove  tool  from  bore,  turn  rod  over  and  chamfer  other 
side  of  bore. 

10.  With  both  sides  chamfered,  remove  tool. 

11.  Use  emery  cloth  to   remove   any  sharp   edges  which   may 
have  been  left  on  chamfer. 

12.  Wash  rod  which  is  ready  for  bushing  installation. 


Replace  Piston  Pin  Bushing 

1.  Use  Mandrel  and  Block  in  an  arbor  press  to  press 
out  old  piston  pin  bushing.  Fig.  1-8-5. 

2.  Use  a  straight  or  tapered  sleeve  depending 
upon  type  of  connecting  rod. 

3.  Align  oil   hole  and   use  Mandrel  to   press   in   new 
bushings  to  a  point  flush  with  milled  side  surfaces. 

Note:  Straight  rods  use  a  one-piece  bushing.  Tanered  rods 
use  a  two-piece  bushing;  after  Engine  Serial  No.  284609, 
these  bushings  have  thicker  walls. 


Fig.   1-8-5.     Installing   piston   pin   bushing 
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4.  Align  tapered   bushing   half  on  tapered   sleeve   and   pri 
flush  with  milled  side  surfaces.  Turn  rod  over  to  install  si 
ond  bushing. 

5.  Fill  lubrication  holes  with  soap  to  keep  shavings  out. 

6.  Mount  connecting  rod  in  Boring  Machine.  Fig.  1-E 

Note:  Three  types  of  connecting  rods  are  used  in  the 
series  engines  "straight-wide  (1,  Fig.  1-8-7)  1.5 
1.570  in.  [39.3700/39.8780  mm]  and  narrow  (2)  1.150/1.160 
[29.2100/29.4640  mm]  and  tapered  (3)".  Do  not  mix  types 
rods  in  any  engine. 


Fig.  1-8-6.    Boring  piston  pin  bushing 


7.  See  instruction  booklet  furnished  with  the  machine  for 
erating  procedures. 


© 
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0.  Cherk  rebushed  rods  as  described   in   previous 

paragraphs. 

9.  When  reworking  wide  connecting  rods  for  use  with  new 
pistons: 

a.  Machine  piston  pin  end  of  connecting  rod  an  equal  amount 
on  both  picles  until  it  measures  1.150/1.160  in.  [29.2100/ 
29  4640  nu:i|  -.-.d* 

u.  Chamfer  pin  hole  15"  by  0.020/0.040  in.  [0.5080/1.0160  mmj 
deep  to  allow  installation  of  bushing. 

c.  Install  bushings  « 

d.  Bore  new  bushing  to  1.500/1.5005  in.   [38.1000/38.1127  mm] 
(4,  Fig.  1-8-7). 

e.  check  rebushed  rods. 

10.  The  straight  connecting  rod  is  standard  for  most  C  Series 
engines;  the  tapered  rod  is  used  in  heavy-duty  applica- 
tions. 

Note:  The  improved  tapered  rod  and  piston  assembly  with 
ithick-wall  piston  pin  bushings  can  be  used  in  the  same  en- 
gine with  the  lighter  tapered  rod  and  piston  assemblies. 
The  additional  weight  of  the  improved  rod  assembly  was 
an  increase  in  rod  diameter  at  the  piston  pin  end  and  this 
does  not  affect  operating  characteristics  of  the  engine. 


Piston  and  Piston  Rings— Unit  109 


Piston  Rings 

Normally,  new  piston  rings  are  used  at  the  rebuild  period. 
New  rings  should  be  checked  in  the  cylinder  liner  in  which 
they  are  to  be  used  to  make  sure  the  gaps  are  correct. 

1.  Insert  each  ring  in  mating  cylinder  liner;  position  with  head 
of  a  piston  so  it  is  seated  squarely. 

2.  Seat  ring  in  an  unworn  area  of  the  liner. 

3.  Measure    ring    gap   with    a   feeler   gauge.    Fig.    1-9-1.    Gap 
should  fall  within  limits  given  in  Table  1-9-1. 


4.  If  necessary,  file  or  stone  the  ends  of  the  rings  to  obt< 
the  minimum  gap. 

Caution:  Never  file  or  stone  chrome-plated  rings  and  nev 
use  chrome-plated  rings  in  chrome-plated  cylinder  liners 

5.  Check  current  parts  catalogs  to  make  sure  you  use  prof 
ring/piston  combination. 

Note:  When  used,  chrome-plated   compression   ring  is 
ways  installed  in  top  piston  ring  groove. 

6.  Pistons  and  rings  are  available  in  standard  0.020,  0.030  a 
0.040  in.  [0.5080,  0.7620  and  1.0160  mm]  oversizes. 


Fig.   1-9-1.    Checking   piston   ring   gap 
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Table  1-9-1:  Piston  Ring  Gap  —  In  New  Or 
Reconditioned  Liner 

Ring  Engine         Minimum  Maximum 

Part  No.         Series         In.      [mm]  In.       [mm] 


112880 
144970 
145150 
118630 


C 
C 
C 
C 


0.013  [0.3302] 

0.013  [0.3302] 

0.013  [0.3302] 

0.015  [0.3810] 


0.023  [0.5842] 

0.023  [0.5842] 

0.023  [0.5842] 

0.055  [1.3970] 


Pistons 

Cleaning  and  Inspection 

1.  Clean  pistons  in  a  solvent  cleaning  bath  that  will  not 
tack  aluminum  or  blast  with  a  material  that  will  not  imb 
in  or  remove  metal  (ground  seed,  etc.). 

Caution:  Piston  skirts  are  coated  with  a  plating  that  m 
blister  if  overheated.  We  recommend  that  water  boilii 
point  not  be  exceeded. 

2.  After  cleaning,  check  top  and  second  ring  grooves  with  £ 
560  Ring  Groove  Wear  Check.  Fig.  1-9-2. 

3.  Shoulders  of  gauge  must  not  touch  ring  groove  lands 
piston  is  to  be  reused.  If  shoulders  touch,  discard  piston 
mark  piston  for  regrooving  of  the  top  groove. 


Fig.  1-9-2.    Checking  ring  groove  wear 
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Table  1-9-2:  Standard  Piston  Skirt  Diameter  at  70°  F,  [21.1°  C.]  — In.  [mm] 


Engines 
Series 


Piston 
Part  No. 


Compression 
Ratio 


•Gauge 
Point 


New  Dimension 
Minimum 


Maximum 


Wear 
Limit 


130360,  130500      15.8:1 

'144840,  149200     15.8:1 

168430  15.8:1 


BC 
BC 
BC 


4.4275  [112.4585] 
4.4300  [112.5220] 
4.4300  [112.5220] 


4.4285  [112.4839] 
4.4310  [112.5475] 
4.4310  [112.5475] 


4.4245  [112.3823] 
4.4270  [112.4458] 
4.4270  [112.4458] 


"Refer  to  Fig.  1-9-3. 


'Three-ring  pistons  144840 


If  ST-560  is  not  available,  check  wear  with  a  segment  of  a 
new  ring  and  a  feeler  gauge. 

Hold  ring  in  groove,  flush  with  land. 
Insert  0.006  in.  [0.1524  mm]  feeler  gauge. 

If  gauge  enters  groove  without  forcing  or  disengaging  ring, 
wear  is  excessive  and  piston  should  not  be  used  or  should 
be  marked  for  regrooving. 

Measure  piston  skirt  diameter  with  micrometer  at  right 
angle  to  piston  pin  bore  (2,  Fig.  1-9-3  for  barrel-ground  pis- 
tons), measure  straight  or  tapered  ground  pistons  at  point 
1  and  3.  Pistons  should  not  be  reused  if  worn  more  than 
indicated  in  Table  1-9-2  on  this  diameter. 


Pistons   should    be   checked    at 
[21 .1/32.2°  C.];  see  Table  1-9-2. 


temperature    of   70/90°  F. 


Fig.  1-9-3.    Piston  check  points 
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Note:  After  measuring  piston  and  comparing  with  liner  in- 
side diameter,  piston-to-liner  clearance  may  be  computed 
if  desired. 

7.  Piston   pin   bore   checked   at  70°  F.    [21.1°C.]   should   fall 
within  limits  shown  in  Table  1-9-3;  add  0.0005  in.   [0.0127 
mm]  per  10°  F.  [-12.2°  C.]  up  to  90°  F.  [32.2°  C.]. 

8.  Check  piston  pin  outside  diameter  with  micrometers.  Pins 
should  not  be  reused  if  out-of-round  more  than  0.001   in. 
[0.0254  mm]  or  worn  smaller  than  indicated  in  Table  1-9-4. 

Caution:  Reboring  of  piston  pin  bores  and  use  of  oversize 
pins  is  not  practical  because  the  misalignment  that  results 
from  such  practice  will  cause  seizure  of  piston  or  failure  of 
connecting  rod  bearings. 


Table  1-9-3:  Piston  Pin  Bore  — In.  [mm] 

New  Dimensions 

Worn 
Minimum  Maximum  Limit 

1.4988  [38.0695]         1.4990  [38.0746]         1.5000  [38.1000] 


Table  1-9-4:  Piston  Pin  Diameter  —  In.  [mm] 

New  Dimensions 

Worn 
Minimum  Maximum  Limit 

1.4988  [38.0695]         1.4990  [38.0746]         1.4978  [38.0441] 


Piston  Repair 

Regroove  top  ring  groove.  If  piston  dimensions  are  within 


limits  except  for  worn  top  ring  groove,  groove  can  be  ma- 
chined to  use  an  over-width  ring. 

Note:  This  applies  only  to  aluminum  pistons  without  top  ring 
groove  inserts.  Observe  following  precautions  when  re- 
grooving: 

1.  Set  up  piston  in  lathe  or  similar  device.  Make  certain  pis- 
ton is  held  securely  without  damaging  or  distorting   ma- 
chined   surfaces.    Install  (15°    Grooves)    Grooving 
Tool  in  lathe. 

2.  Set  tool  to  only  clean  up  bottom  face  of  groove,  removing 
as  small  amount  of  material  as  possible. 

3.  The  tool  is  a  formed  tool  so  balance  of  cut  will  come  from 
top  of  groove. 

4.  Hold  machined  surfaces  within  0.0015  in.  [0.0381   mm]  total 
indicated  runout. 

Caution:  Limits  must  be  held  accurately  for  satisfactory 
ring  performance. 

5.  Stamp  letters  "OW"  (over-width  ring)  after  part  number  on 
piston  crown. 


Piston-To-Connecting  Rod  Assembly 

1.  Pistorts  are  machined   to  a  very  close  weight   tolerance; 
therefore,  as  long  as  the  same  part  number  piston  is  used 
throughout  the  engine  weight  does  not  affect  engine  op- 
eration. 

Note:  Be  sure  rod  and  cap  are  stamped  before  disas- 
sembly to  prevent  mixing  parts. 

2.  Connecting  rods  have  the  weight  (720,  etc.)  stamped  on  the 
rod  cap  and  must  be  matched  with  other  rods  by  weight. 
Total  weight  between   rod   assemblies   in   any  one   engine 
should  not  vary  more  than  0.03  Ib.  [13.608  grams].  Weight 
includes  piston  pin  bushing,  bolts,  lockplates  and  bearing 
shells. 

3.  Install  one  piston  pin  snap  ring  in  piston  pin  bore. 

4.  Heat  aluminum  pistons  in  boiling  water  or,  not  exceeding 
water  boil  temperature,  in  an  oven  and  install  pin  through 
piston  and  connecting  rod  pin  bores  before  piston  cools; 
at  70°  F.   the    pin   fit    is   0.0001    to    -0.0003    in.    [0.025   to 
—  0.0076  mm]  which  prevents  pin  assembly  unless  piston  is 
heated. 

Caution:  Never  drive  piston  pins  in  pistons.  Driving  may 
cause  distortion  of  the  piston,  causing  piston  seizure  in  the 
cylinder  liner. 

5.  Secure  pin  with  second  snap  ring  at  opposite  end  of  pin 
bore. 


Camshaft-Unit  110 


Cleaning  And  Inspection 

1.  Steam  clean  camshaft  assembly. 

2.  Check  camshaft  journals  with  micrometers.  Fig.  1-10-1. 


Fig.  1-10-1.     Measuring   camshaft  journals 
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3.  Replace  camshaft  if  journals  are  worn  beyond  limits  given 
in  Table  1-10-1. 

4.  Replace  camshafts  that  have  scuffed,  scored,  or  cracked 
injector  or  valve  lobes.  Check  by  magnetic  inspection  for 
possible  cracks. 


Magnetic  Inspection 

These  instructions  apply  to  the  magnetic  particle  inspec- 
tion using  "Magnaflux".  The  camshafts  should  be  tested  by 
the  active  or  continuous  method.  That  is,  the  whole  sur- 
face must  be  wetted  with  the  magnetic  particle  suspension 
before  the  magnetizing  current  is  applied.  Shafts  must  be 
magnetized  by  a  single  "shot"  of  current. 

1500  amperes  DC  longitudinal  magnetizing  currents  must 
be  used  for  locating  open  seams  and  the  presence  of  non- 
metallic  inclusions;  for  detecting  grinding  checks  a  circular 
(coil)  magnetizing  current  of  2000  amperes  DC  must  be 
used.  Limits  of  acceptability  for  injector  cam: 


Tabl«1-10-1:  Camshaft  Journal  Diameter  —  In. 

,  [mm] 

Engine 
Series 

New  Dimensions 
Position       Minimum      Maximum 

Worn 
Limit 

C 

No.  1  only     1.747 
[44.3738] 

1.748 
[44.3992] 

1.746 

[44.3484; 

C 

All  other       1.872 
[47.5488] 

1.873 
[47.5742] 

1.371 

[47.5234; 

1.  Subsurface  longitudinal  indications: 

a.  None  acceptable  on  nose. 

b.  Short   longitudinal   indications   up  to   V»    in.    [15.8750    i 
long  are  acceptable  in  the  critical  region  on  the  cam 
face,  Vj  in.  [12.700  mm]  before  nose,  and  Vi  in.  [9.5250  t 
after  nose. 

c.  Not  more  than  two  indications  are  allowable  in  the  cril 
region  of  any  one  cam. 

d.  Light  longitudinal   indications  not  exceeding   two  in   n 
ber  are  allowable  outside  of  the  critical  regions. 

e.  Parallel  indications  must  be  separated  by  at  least  Vtt 
[1.5875  mm]  of  metal. 

2.  Open  longitudinal  indications: 

Open  indications  are  not  allowable  except  on  the  base 
cle.  A  maximum  of  two  longitudinal  open  indications  V 
[6.350  mm]  long  or  less  will  be  allowed  on  the  base  ci 
provided  they  are  not  closer  together  than  'A  in.  [6 
mm]  and  are  visible  only  as  a  tightly  closed  line  when 
surface  is  wiped  clean.  Open  indications  shall  not  be  cl 
than  3/is  in.  [4.7625  mm]  to  the  edge  of  the  cam. 

3.  Circumferential  indications  (lying  at  an  angle  greater  • 
15°  with  the  longitudinal  centerline)  are  not  allowable 


Limits  of  Acceptability  for  Valve  Cams 

1.  Subsurface  longitudinal  indications: 

a.  Ye  in,  [3.175  mm]  indications  are  allowable  on  thf 

b.  Light  longitudinal  indications  up  to  Va  of  the  car 
allowable  on  the  ramp. 

c.  Not  more  than  two  indications  are  allowal 
or  nose  of  any  one  cam. 


—•a"-  luiiyiiuuiiiai  muiumiuns  noi  exueeumy  two  in  num- 
ber are  allowable  on  the  base  circle  of  any  one  cam. 

Parallel  indications  must  be  separated  by  at  least  "A  in. 
[6.350  mm]  on  the  ramp  and  nose  by  Vis  in.  [1.5875  mm]  on 
the  base  circle. 

Open  longitudinal  indications: 

Open  indications  are  not  allowable  except  on  the  base 
circle.  A  maximum  of  two  longitudinal  open  indications  V* 
in.  [6.350  mm]  long  or  less  will  be  allowed  on  the  base 
circle  provided  they  are  not  closer  together  than  V«  in. 
[6.350  mm]  and  are  visible  only  as  a  tightly  closed  line 
when  the  surface  is  wiped  clean.  Open  indications  should 
not  extend  closer  than  %6  in.  [1.5875  mm]  to  the  edge  of 
the  cam. 

Circumferential  indications  (lying  at  an  angle  greater  than 
15°  with  the  longitudinal  centerline)  are  not  allowable. 


".-'  •'•'    " -:'       ,     ••'••••  i'?*£fe;ii?^'''r ';!''.  ,'"3 

Fig.    1-10-2.     Camshaft   gear  key   from   gear  case   end 
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Limits  of  Acceptability  for  Bearing  Surfaces 

Subsurface  indications  are  acceptable. 
Open  indications: 

Four  open  longitudinal  indications  are  permitted  in  each 
section  of  bearing  provided  not  more  than  half  of  them  ex- 
tend the  full  width  of  the  bearing.  Edges  of  such  indica- 
tions are  to  be  stoned,  not  to  exceed  0.005  in.  [0.127  mm] 
deep. 


3®ar 

Remove  gear  if  chipped,  cracked  or  visibly  worn. 

Sears  with  three  capscrew  mounted  thrust  bearing  must  be 
suited  from  the  camshaft. 

Slide  two  steel  bars,  4  in.  [101.6  mm]  by  1  in.  [25.4  mm]  be- 
lind  gear  and  thrust  bearing. 

nsert  gear  puller  jaws  through  access  holes  in  gear, 
fighten  puller  bolt  until  gear  is  free  of  camshaft. 
Camshafts  with  two  capscrew  mounted  thrust  bearing: 

'lace  camshaft  and  gear  in  press.  Support  gear  as  near 
hub  as  possible  by  using  short  bars  lying  parallel  with 
thrust  bearing. 

3ress  camshaft  from  gear. 

Note:  Care  must  be  taken  to  prevent  gear  breakage  due  to 
improper  use  of  press  and  support  bars. 

Note  type  of  key  used.  See  Fig.  1-10-2,  "A"  —  retard  from 
straight,  "B"  —  straight,  "C"  —  advance  from  straight,  as 
i/iewed  from  gear  case  of  engine.  Fig.  1-10-3  shows  posi- 
tion of  color  code  in  "A"  and  offset  in  "B".  Replace  key. 


V:  -:  ';''v:^OT^:l;:K^:S 


Fig.   1-10-3.    Camshaft  key  markings 


Table  1-10-2:  Camthaft  K«y> 


Amount  of  Offset 

Part 

Color 

Cam 

Number 

Code 

Degree      Dimension  —  In.  [mm] 

S-302 

None 

0                0 

120602 
134088 
146135 

Red 
Blue 
None 

1Vi°           0.018/0.020  [0.4572/0.5080] 
2V3°           0.031/0.033  [0.9874/0.8382] 
1Vi°           0.018/0.020  [0.4572/0.5080] 

5.  Coat  gear  hub  area  of  camshaft  with  Lubriplate. 

6.  Install  camshaft  thrust  bushing  on  camshaft  with  grooves  in 
bushing  toward  gear. 
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7.  Heat  gear  evenly  to  400°  F.  [204.40°  C.]  with  heatir 
(not  a  cutting  torch). 

8.  Press  on  new  camshaft  gear,   aligning   gear  keyw 
camshaft  key. 

9.  Check  between  thrust  bearing  and  camshaft  gear  f 
to  0.011  in.  [0.178  to  0.2794  mm]  clearance  for  ne\ 
bearing. 


Gear  Cover-Unit  111 


Inspection 


1.  If  not  removed,  remove  all  oil  seals  and  bearings. 

2.  Check  bearings  and  discard  if  rough  running  or  worn.  Some 
bearings  are  two-piece  with  inner  race  remaining  on  drive 
unit  shaft. 

3.  Check  trunnion  for  wear;  replaceable  bushings   are  avail- 
able to  "rebuild"  outside  diameter. 


Parts  Replacement  And  Repair 

1.  Press  new  bushing  or  bearings  into  cover  as  Required. 

2.  Do  not  install  oil  seals  until  gear  cover  is  to  be  assembled 
to  engine;  this  prevents  collection  of  dirt  which  could  get 
into  bearings,  etc. 


Gear  Cover  Trunnion 

1.  If  gear  trunnion   on   cover   is  to   be   "bushed",    install   as 
follows: 

2.  Machine   gear   case   trunnion    to  4.747/4.750   in.    [120.5738/ 
120.65  mm]  outer  diameter.  Fig.  1-11-1. 

3.  Press  bushing  (Part  No.  68226-1)  over  machined  trunnion 
with  chamfered  side  of  bushing  toward  gear  case. 


Accessory  Drive  Bore  (Bearing  Equipped) 

If  bore  is  worn  or  bearing  (not  applicable  to  bushing 
equipped  gear  covers)  has  turned  and  destroyed  proper 
bearing  fit,  accessory  drive  bearing  bore  may  be  rebushed 
as  follows: 

1.  Locate  center  of  bore,  using  seal  bore  surfaces. 

2.  Bore  bearing  bore  to  2.7545/2.7550  in.  [69.9643/69.9770  mm] 
diameter  and  to  same  depth  as  original  bearing  bore. 

3.  Press  sleeve   (Part  No.  136578)   into  bored  hole.   End   of 
sleeve  is  chamfered  for  easy  assembly. 

4.  Dress  off  sleeve  flush  with  gear  cover. 


Fig.  1-11-1.    Gear  case  cover  and  trunnion  bushing 


5.  Drill  oil  drain  hole  through  bottom  of  sleeve   v 
drill. 

6.  Bore  inside  diameter  of  sleeve  to  2.4408/2.4414  i 
62.0115mm]. 

7.  Chamfer  sleeve  0.080/0.100  in.  [2.0320/2.5400  mm 
facilitate  bearing  installation.  Remove  all  burrs. 


Assembly 

Accessory  Drive  Bore  (Bearings) 

1.  Remove  dirt  and  burrs  from  bearing  bore. 

Note:  Current  gear  covers  have  a  bushing  instei 
ing  at  this  location. 

2.  Coat  bearing   bore  of  gear  case  cover  with    ti 
Lubriplate. 

3.  Press    bearing    in    from    front   to   0.572/0.577    ir 
14.6568  mm]  depth. 

4.  Check  depth  from  front  of  cover. 


Accessory  Drive  Bore  (Bushing) 

1.  Inspect  bushing  for  wear,  install  new  ' 


ian  1.322  in.  [33.5788  mm].  Be  sure  oil  hole  is  indexed. 

ndersize  inside  diameter  bushings  are  available  for  use 
here  accessory  drive  or  air  compressor  crankshaft  is  worn 
r  ground  undersize.  See  Table  1-11-1.  Shaft  to  bushing 
learance  should  be  maintained  between  0.002/0.0075  in. 
1.051/0.1907  mm]. 


'able  1-11-1:  Accessory  Drive  Bushing  I.D.  — In.  [mm] 


art 

lo. 

Size 

New 
Minimum 

New 
Maximum 

Worn 
Limit 

39810 
39811 
39812 

Std. 

0.010 
[0.2540] 
0.020 
[0.5080] 

1.314 
[33.3756] 
1.304 
[33.1216] 
1.294 
[32.8676] 

1.319 
[33.5026] 
1.309 
[33.2486] 
1.299 
[32.9946] 

1.3205 
[33.5407] 
1.3105 
[33.2867] 
1.3005 
[33.0327] 

Rear  Cover— Unit  112 


The  rear  cover  is  a  unit  subject  to  replacement  of  seals 
only.  Damaged  housings  require  replacement  by  a  new  as- 
sembly or  installation  of  a  "Heli-Coi!"  for  stripped  threads; 
these  are  the  only  items  of  repair. 

Alignment  during  engine  assembly  is  the  biggest  factor  to 
proper  performance  of  the  rear  cover  unit.  The  outer  ma- 
chined surface  indicated  by  arrows  in  Fig.  1-12-1  is  pro- 
vided so  the  rear  cover  may  be  properly  centered  around 
the  crankshaft.  Attach  indicator  to  crankshaft  with  point 
resting  on  machined  surface  and  maintain  within  a  maxi- 
mum of  0.005  in.  [0.0127  mm]  runout. 


Fig.   1-12-1.    Rear  cover   location   surface 
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Cylinder  Head  Group 


The  cylinder  head  group  covers  the  complete  disasseml 
inspection,  repair  and  assembly  of  the  cylinder  he 
valves,  guides,  crossheads,  valve  seats,  injector  slee1 
and  valve  springs. 


Cylinder  Head-Unit  201 


Measurements 

All  dimensions  in  this  group  are  listed   in  both   U.S.  and 
Metric  units.  The  Metric  units  are  enclosed  in  brackets  []. 


Disassembly 

1.  Steam  clean  complete  head  assembly. 

2.  Place   cylinder  head    in  Head   Holding   Fixture 

See  Fig.  2-1-3. 


3.  Remove  valves  and  springs.  Use 
pressor  to  compress  valve  springs. 


Valve  Spring  Com- 


Caution:  If  removing  valve  springs  on  an  installed  angina, 
be  sura  piston  is  up  to  support  valves  in  cylinder.  Replace 
springs  before  barring  the  engine  or  valve  will  drop  into 
cylinder  necessitating  cylinder  head  removal  to  retrieve 
valve. 

4.  Screw  stud  from    tool  in  rocker  lever  bearing  capscrew 
hole. 

5.  Compress  one  valve  spring  at  a  time.  Fig.  2-1-1.  Tap  valve 
head  lightly  to  loosen;  then  remove  half  collets. 

6.  Withdraw  valves,   valve   springs   and    retainers   (and   valve 
spring  guides,  if  used). 

7.  Remove  vent  tubes  or  ventilators  from  naturally  aspirated 
engine;  supercharged  and  turbocharged  engines  have  pipe 
plugs  in  the  breather  holes.  Fig.  2-6-3. 


Inspection  And  Cleaning 
Water  Test  Cylinder  Head 


fig.   2-1-1.    Compressing   valve   springs 


a  scrap  injector  and  cup  assembly  in  each  injector  slei 

2.  Tighten  sleeve  holding  tool  to  10/12  ft.  Ibs.   [1.3820/1.1 
kg  m]  to  seal  lower  end  of  injector  sleeve,  or  install  in 
tors   and   secure   with   capscrews   torqued    to    same    "8 
Fig.  2-1-2. 

3.  Test   cylinder   heads  for   leaks   at  35/85   psi    [2.4605/5.! 
kg/sq  cm]  and,  if  possible,  at  175°/200°  F.  [79°/93°  C.]  w 
temperature.  Check  carefully  around  valve  seats   and 
jector  sleeve  seats  for  any  cracks,  even  though  such  cr< 
might  not  show  water  leakage.  This  type  crack  is  cai 
when    injector    capscrews    are   tightened    beyond    fac 
torqu^  recommendation.  Discard  head  if  cracked. 

4.  Open  water  outlet  valve  of  test  fixture;  check  for  free  w 
circulation  through  cylinder  head.  If  restriction  is  evic 
remove  plugs  and  injector  sleeves;  clean  water  jacket 
salt,  lime  or  sludge  as  follows: 

a.  Remove   all   pipe   plugs   and   the   fuse   plug   from   cylii 
head. 


Magnetic  Crack  Detection 


>.».  v. 

ig.   2-1-2.     Install   injector  sleeve   holding  tool 
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g.   2-1-3.    Cylinder  head   in   head   holding  fixture 


N20201 


ank  of  cleaning  solution  heated  to  near  boiling  tempera- 

ure. 

lirculate  solvent  to  increase  effectiveness  on  salt  or  lime 
eposits,  grease,  etc. 

'o  remove  heavy  deposits  of  lime,  use  circulated  acid-type 
leaner. 

Caution:  The  use  of  acid  i*  extremely  dangerous  to  work- 
nen  and  injurious  to  machinery.  Acid  should  never  be  used 
n  machine  shop  or  near  any  machine  subject  to  rusting. 
Uways  provide  a  tank  of  strong  soda  water  as  a  neutraliz- 
ig  agent. 

-heck  oil  transfer  dowel  at  center  of  head  to  make  sure  oil 
assage  is  open  so  oil  will  flow  to  the  rocker  lever 
earings. 


Inspect  the  valve  and  injector  port  areas  using  a  portable 
magnetic  crack  detector.  Fig.  2-1-4.  Instructions  for  the 
use  of  this  device  are  on  the  inside  cover  of  the  carrying 
case. 


Fig.   2-1-4.     Inspecting   valve   and    injector   port   areas  N20225 


Crosshead  Guides 


1.  Solid  type: 

a.  Check    guide    Outside    Diameter    with    micrometers.    See 
Table  2-1-1  for  worn  replacement  limits. 

b.  Check  guide  for  straightness.  It  should  be  at  right  angles 
with  milled  surface  of  head.  Replace  if  not  straight  or  if 
worn  beyond  replacement  limit. 

2.  Tubular  type: 

a.  Set  inside  micrometers  0.0002  in.   [0.0051   mm]   larger  than 
worn  replacement  limits  shown  in  Table  2-1-1   and  use  as 
"no-go"  gauge  to  check  wear.  Fig.  2-1-5. 

b.  Check  bore  at  several  points. 


Table  2-1-1:  Crosshead  Guide  Dimensions  —  In.  [mm] 


Type 


New 
Minimum 


New 
Maximum 


Worn 
Limit 


Tubular 
(Inside) 
Solid 
(Outside) 


0.3755 
[9.5377] 
0.3750 
[9.5250] 


0.3760 
[9.5504] 
0.3755 
[9.5377] 


0.3780 
[9.6012] 
0.3740 
[9.4996] 


Fig.    2-1*5.    Checking  crosshead  guide 
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3.  As  other  engine  disassembly  proceeds,  check  carefull 
damage  from  overheating. 


Valve  Seats 

1.  Check  for  loose  valve  seat  inserts  by  lightly  tapping 
near  inserts.  A  slight  looseness,  which  can  be  found 
by  tapping,  when  head  is  cold  and  covered  with  film  < 
is  not  objectionable. 

2.  If  valve  seat  insert  is  loose  enough  to  bounce  or  canni 
reground,   mark  for  replacement.   See:   VALVE   SEAT 
SERTS,  Page  2-3-1. 

3.  If  seat  area  width  (2,  Fig.  2-1-7)  exceeds  0.125  in.   [3 
mm]  at  any  point  (see  A  to  B),  and  cannot  be  narrowe 
sufficiently  it  is  unlikely  that  seat  can  be  successful! 
ground.  See  GRIND  VALVE  SEATS,  Group  2. 


c.  Mark  guides  for  replacement  that  are  not  within  worn  re- 
placement limits. 

?.  Check  crosshead   guide   protrusion   above   cylinde/   head. 
See  Page  2-4-1. 


Cylinder  Head  Fuse  Plug 

Some  cylinder  heads  are  equipped  with  fuse  plugs  con- 
taining a  metal-alloy  center  that  melts  if  the  engine  is  over- 
heated. Fig.  2-1-6. 

1.  Examine  fuse  plug  for  signs  of  overheating. 

2.  Install  new  plug  if  metal  alloy  has  melted.  Fig.  2-1-6. 


Pin       9.1. ft        P.ifiA    nl.,»     !«,,,-,»;«« 


Fig.   2-1-7.    Valve   seat   insert  cross-section 


Injector  Sleeves 

1.  Note  results  of  water  test.  Leaks  indicate  need  for  rep 
ment. 

2.  Visually    check    sleeves    which    pass    the    water    tes 
scratches  on  cup  seat  area  and  mark  for  replacerm 
seat  area  is  scratched. 

3.  Lightly  coat  a  new  injector  cup  on  injector  body  with 
sian  Blue.  Install  in  injector  sleeve  and  torque  injectoi 
injector  sleeve  evenly  to  operating  tension.   Remove 
check  seat  pattern.  If  indicated  seat  width  does  not 
at  least  0.060  in.  [1.5240  mm]  wide  continuous  contact, 
sleeve  for  replacement. 

4.  Check  seat  depth: 


Install  injector  assembly.  Torque  injector  capscrews  to  10/ 
12  ft.  Ibs.  [1.3820/1.6584  kg  mj.  If  so  equipped,  torque  ny- 
lock  capscrews  to  12/14  ft.  Ibs.  [1.6584/1.9348  kg  m]. 

Measure  tip  protrusion  with  dial  indicator  as  shown  in  Fig. 
2-1-8.  Injector  cup  tips  should  protrude  0.040/0.055  in. 
[1.0160/1.3970  mm]  beyond  cylinder  head  milled  surface. 
Maximum  allowable  protrusion  is  0.065  in.  [1.6510  mm]. 


Fig.   2-1-9.     Inserting   hold-down   knob   into   holder   assembly  N20226 


justable  stop  collar.  Insert  0.005  in.  [0.1270  mm]  feeler  gauge 
between  bushing  and  adjustable  collar;  tighten  capscrew. 
Fig.  2-1-10. 

Caution:  Take  care  not  to  use  too  large  a  reamer. 


Fig.   2-1-8.     Measure   mjec'or   tip   protrusion 
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Remove  unusable  sleeves  by  cutting  them  from  cylinder 
head  with  a  V«  in.  [9.5250  mm]  gouge  chisel  and  driving  out 
from  lower  end. 


Repair 

Sleeve  Eroded  Water  Holes 

The  cylinder  head  surfaces  around  the  water  holes  must  be 
free  of  any  erosion,  pits,  scratches  or  blemishes  which  are 
more  than  0.003  in.  [0.0762  mm]  deep  in  the  area  V'i6  to  %2 
in.  [1.5875  to  3.9687  mm]  from  edge  of  water  holes.  Repair 
as  follows: 


Insert  hold-down  adapter 


into  injector  sleeve. 


Position  tool  on  head  with  reamer  guide  hole  over  water 
hole  to  be  repaired. 

Insert  tool  hold-down  knob  into  holder  assembly  and  tight- 
en down  finger  tight.  Fig.  2-1-9. 

Insert  locating  pin  into  eroded  hole  and  tighten  hold-down 
knob. 

To  set  depth  of  reamer  assembly,  insert  assembly  in  guide. 
Place   bushing   between   holder  assembly   and   reamer  ad- 


Fig.  2-1-10.    Setting  reamer  depth 


N20227 


6.  Attach  drive  adapter  to  a  drill   chuck  and  place  grooved 
end  of  drive  adapter  into  reamer  assembly. 

7.  Ream  out  eroded  water  hole  until  collar  bottoms  against 
tool. 

8.  Remove  drill,  reamer  assembly,  holder  assembly  and  hold- 
down  adapter. 


9.  Drive  bushing  into  reamed  hole  with  driver.  Fig.  2-1-11. 
Bushing  should  protrude  about  0.003  to  0.005  in.  [0.0762/ 
0.1270  mm]. 

10.  If  head  is  to  be  resurfaced,  see  "Resurface  Cylinder  Head". 
If  head  is  not  to  be  resurfaced,  file  bushing  flush  with  head, 
using  a  wide  flat  mill  file. 


fig.  2-1-11.     Driving  bushing   Into   hole  N20228 


Resurface  Cylinder  Head 

1.  Resurface  head  if  it  has  been  scratched,  etched  or  worn 
unevenly  at  point  of  contact  with  gasket  sealing  areas.  C  or 
J  heads  warped  as  much  as  0.019  in.  [0.4826  mm]  will  flatten 

:  out  when  tightened  in  position;  therefore,  it  is  not  neces- 
sary to  resurface  only  because  of  warping.  Also,  check 
erosion  around  water  holes  which  could  cause  failure  of 
head  gasket  to  seal.  If  eroded,  install  bushings  before  re- 
surfacing head. 

2.  Remove  0.005/0.006  in.  [0.1270/0.1524  mm]  material  at  one 
time  and  no  more  than  0.030  in.   [0.7620  mm]  total.  Table 
2-1-2. 


Table  2-1-2:  Head  Height  — In.  [mm] 


New 
Minimum 

New 
Maximum 

Worn 
Limit 

5.000  [127.000] 

5.010  [127.2540] 

4.970  [126.2380] 

eration.  See  Page  2-3-1. 

4.  Sand  surface  of  cylinder  head  with  an  orbital  sander. 
not  use  a  disc  sander.  Do  not  allow  the  sander  to  tilt 
rock,  since  this  may  result  in  rounding  of  the  machii 
edges.  Fig.  2-1-12. 

5.  After  resurfacing: 

a.  Check  head  height;  see  Table  2-1-2  for  head  dimensic 
Use  micrometer  or  vernier  calipers  for  accurate  measi 
ment.  Fig.  2-1-13. 


Fig.   2-1-12.    Sand  cylinder  head 


Fig.  2-1-13.    Check  cylinder  head  height 


3.  Rework  valve  seat  insert  counterbore  bv  removina  amount 


b.  Install  new  injector  sleeves  to  maintain  correct  injector 
protrusion.  See  Unit  202. 


it  is  necessary  to  install  spacers  (Vis  in.  [1.5875  mm]  maxi- 
mum) under  springs  to  obtain  correct  assembled  height. 

Caution:  Only  V4z  '"•  [0.7937  mm]  spacer  can  be  used  if 
hand  has  not  bam  resurfaced. 


Table  2-1-3:  Regrooving  Tool  Block  —  In.  [mm] 


Engine 
Series 


Thickness 
Spacer 


Center  of  Pilot  Pin 
to  Center  of 
Cutter 


Regroove  Cylinder  Head 

Beaded  cylinder  liners,  steel  cylinder  head  gaskets  and 
grooved  cylinder  heads  are  designed  to  operate  in  con- 
junction with  each  other. 

If  the  cylinder  head  has  been  resurfaced  or  has  not  been 
grooved  previously,  it  will  be  necessary  to  cut  grooves  in 
the  cylinder  head  over  each  cylinder  liner.  These  grooves 
will  assure  a  better  seal  between  the  cylinder  head  gasket 
and  block  during  engine  operation.  Fig.  2-1-14.  Use  ST-597 
or  ST-913  Cylinder  Head  Grooving  Tool  to  perform  this 
operation. 


:ig.  2-1-14.    Regroove  cylinder  head  N20231 


To  use  ST-597  grooving  tool: 

Place  cylinder  head  in  Head  Holding  Fixture. 

Select  scrapped  injector,  preferably  one  with  Class  "O" 
plunger  bore  and  iniectoji.cup.  Cutoff  cup  exposing  plunger 
bore7maintaining  cup  seal  area  intacTITrretall-reworked  .cup 
on  injector  body. 

Install  injector  and  cup  in  cylinder  head  and  secure  at 
operating  torque. 

Select.  spacer  block,  Table  2-1-3,  for  bore  size  de- 

sired. Loosen  two  socket  head  screws  in  end  of  ST-597. 
Assemble  spacer  between  pilot  pin  and  tool  holder  blocks. 

Position  largest  pilot  pin  so  it  protrudes  down  in  same  di- 
rection as  cutter  and  tighten  assembly  in  place. 


0.295  [7.4930]         2.543/2.547  [64.5922/64.6938] 


f.  Turn  cylinder  head  upside  down  on  head  holding  fixture 
and  instal1  ST-597  pilot  pin  into  injector  bore. 

g.  Check  position  of  stop  in  tool  holder  block  to  assure  it 
will  not  contact  water  hole  during  grooving  operation. 

h.  Set  stop  on  tool  so  cutter  protrudes  0.006/0.008  in.  [0.1 524/ 
0.2032  mm]  below  stop.  Rotate  tool  clockwise  to  cut  groove. 

Caution:  Do  not  attempt  to  cut  deeper  than  cutter  groove 
depth  or  cutter  will  break.  Groove  lands  should  be  0.01 0/ 
0.015  in.  [0.2540/0.3810  mm]  wide  and  flush  with  head 
surface. 

2.  To  use  ST-913  grooving  tool: 

a.  Place  cylinder  head  in  Head  Holding  Fixture. 

b.  Check  data  plate  on  housing  to  determine  in  which  hole 
the  locating  plug  is  to  be  placed. 

c.  Place  tool  holder  into  slot  in  housing  with  locating  plug  in 
proper  hole  and  secure  with  Va  in.  [15.8750  mm]  capscrew. 

d.  If  tool  has  not  been  adjusted  previously,  adjust  as  follows: 

(1)  Place  housing,  with  tool  holder 'secured  in  place,  on  a  sur- 
face plate  or  similar  flat  surface. 

(2)  Loosen  setscrews   holding  tool   adjusting   screw  and  turn 
adjusting  screw  down  until  tool  cutting  bit  touches  surface 
plate. 

(3)  Remove  grooving  tool  from  surface  plate  and  turn  adjusting 
screw  down  three  notches,  or  60°,  to  lower  cutting  tool  bit 
approximately  0.006  in.  [0.1524  mm]. 

e.  Install  grooving  tool  on  head  by  placing  the  locking  screw 
in  the  injector  holes  and  tighten  hand  tight.  This  locking 
screw    can    be    used    either   with    or   without   the    injector 
sleeve. 

Caution:  Over-tightening  of  locking  screw  in  head  when 
injector  sleeve  has  been  removed  may  cause  mutilation  of 
the  beads  in  the  head. 

f.  Check  head  to  assure  cutting  tool  bit  will  not  contact  water 
hole  during  grooving  operation. 

g.  Rotate  grooving  tool  clockwise  to  cut  groove.  The  tool  bit 
is  spring  loaded  in  the  tool  holder  and  will  ride  over  any 
"hard"  spots  on  the  head  surface.  It  may  take  two  or  three 
revolutions  to  get  a  smooth  even   cut  in  the  head.  Fig. 
2-1-14. 


Injector  Sleeve— Unit  202 


1.  Remove  worn  flange-mounted   injector  sleeves  by   cutting 
them  from  cylinder  head  with  a  Vs  in.  [9.5250  mm]   gouge 
chisel  (sometimes  called  a  muffler  sleeve  cutting  tool)  and 
driving  out  from  lower  end. 

2.  Remove  all   foreign   material  from   injector  sleeve   sealing 
area. 


Machine  bead  in  sleeve  seat  area  of  head,  if  not  previously 
beaded,  with  Fig.  2-2-1.  This  will   provide   an   im- 

proved seal. 


Fig.  2-2-1.    Sleeve  seat  bead  and  chamfer  location 


N20232 


1.  Install  the  bead  cutter  in  Seat  Cutter  Holder  and 
position  with                Cutter  Pilot  in  a  drill  press.  Set  drill 
press  speed  at  not  more  than  75  rpm.  Cutter  may  be  turned 
by  hand  using  a  tap  wrench. 

Caution:  Chattering  may  occur  if  drill  press  speed  is  over 
75  rpm. 

2.  Place  cylinder  head  on  drill  press  table,  allowing  clearance 
for  the  end  of  the  bead  cutter  to  protrude  below  the  head 
surface  into  a  pilot.  The  pilot  can  be  made  by  recessing  a 


'A  in.  [12.7000  mm]  drill  bushing  in  a  plate  which  is  c 
tered  below  the  drill  spindle  and  secured  in  place. 

3.  Before  starting  drill  press  motor,  insert  cutter,  adapter  ; 
pilot  into  injector  bore  to  insure  proper  alignment. 

4.  Lift  cutter,  adapter  and  pilot,  lubricate  cutter  with  cut) 
oil  and  start  cutting  operation,  applying  a  steady  moder 
pressure. 

Caution:  Do  not  cut  more  than  0.010  in.  [0.2540  mm]  de 

5.  When  the  proper  depth  has  been  obtained,  allow  the  cu 
to  dwell  for  approximately  10  seconds  to  insure  a  good  s 
and  clean  grooves. 

6.  Lubricate   and    install  Cutter,    adapter    and 
pilot.  Attach  a  tap  wrench  to  the  adapter  and  rotate,  apj 
ing  a  light  even  pressure.  The  Cutter  is  used  to 
a  30°  angle  chamfer  at  the  lower  edge   of  the  60°   si 
When  the  uppst  end  of  the  30°  angle  chamfer  is  appr< 
mately  %4  in.  [3.5718  mm]  from  the  bottom  bead,  reran 
cutter,  adapter  and  pilot. 

7.  Remove  bluing  from  60°  seat. 


Sleeve  Installation 

1.  Drive  in  injector  sleeve  with  injector  sleeve  dri' 
Fig.  2-2-2. 

2.  Remove   driver   from    injector   sleeve    and    install    inje( 


Fig.   2-2-2.     Installing   injector  sleeve 


N! 


ileeve  holding  tool 

5eal  upper  portion  of  sleeves  with  expanding  roller 

Fig.  2-2-3.  Apply  force  to  expand  rollers  until  sleeve 
ipper  diameter  reaches  1.375/1.380  in.  [34.9250/35.0520  mm]. 


pilot  tool.  It  is  very  important  that  the  cutter  be  ground  to 
the  exact  dimensions  shown  in  Table  2-2-1  and  Fig.  2-2-5. 


:ig.  2-2-3.     Sealing   upper  and  of   injector  sleeve  N20214 


Remove  the  injector  hold  down  tool. 

Seal  injector  sleeve  in  lower  seating  (tapered)  area  with 
Angle  Roller  Tool,  Fig.  2-2-4. 

With  roller  in  drill  press  set  at  250  rpm,  apply  500/650  Ibs. 
[226.7500/294.7750  kg]  axial  force  for  30  seconds.  Lubricate 
roller  during  this  operation. 

Cut  injector  seat  to  provide  proper  injector  seat  and  injec- 
tor tip  protrusion.  Use  seating  cutter  and 


Fig.  2-2-5. 


injector  seat  cutter  dimensions  —  Table  2-2-1      N20213 


Table  2-2-1:  Injactor  Seat  Cutter  Dimensions  —  In.  [mm] 

1.  0.250                           6. 
[6.350] 

0.3125 
[7.9375] 

11.  0.0937 
[2.3799] 

2.  0.875                           7. 
[22.2250] 

0.0937 
[2.3799] 

12.  0.923/.925 
[23.4442/23.4950] 

3,  0.3161                         8. 
[8.0289] 

0.250 
[6.350] 

13.  0.0053/0.0073 
[0.1346/0.1854] 

4.  0.145/0.155                 9. 
[3.6830/3.9370] 

0.0937 
[2.3799] 

14.  0.0015/0.0025 
[0.0381/0.0635] 

5.  0.300/0.310               10. 
[7.6200/7.8740] 

0.010 
[0.254] 

15.  0.040/0.060  R. 
[1.0160/1.5240] 

Reference  Fig.  2-2-5. 

8.  To  determine  amount  of  cut,  install  injector  and  measure 
tip  protrusion.  Depth  of  cut  should  provide  0.040/0.055  in. 
[1.0160/1.3970  mm]  protrusion  of  injector  cup  tip  beyond 
milled  face  of  cylinder  head.  Maximum  allowable  injector 
cup  protrusion  is  0.065  in.  [1.6510  mm]. 


2-2-4.    Sealing   lower  end  of   injector  sleeve 
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Valve  Seat  and  Insert— Unit  203 


Valve  Seat  Insert 

The  valve  seat  insert  is  used  to  provide  a  greater  wear- 
resistant  surface  than  the  cylinder  head  material  and  to 
provide  a  new  seat  where  an  insert  was  not  used  before. 

1.  Remove  loose  or  excessively  worn  valve  seat  inserts,  which 
were  previously  marked  for  replacement  during  cylinder 
head  inspection,  with  an  insert  extracting  tool  or  by  striking 
insert  sharply  with  a  chisel,  causing  it  to  crack  and  release 
the  press  fit.  Remove  all  inserts  if  head  has  been  resur- 
faced. Fig.  2-3-1. 


Fig.   2-3-2.    Counterbore  for  valve  scat   insert 


4   or  5   places  with   the   peening   tool 

A  'A  in.  [6.3500  mm]  diameter  r 
end  punch  may  also  be  used. 

Caution:  Over-swagging  around  insert  may  crack  cyli 
head. 


Grind  Valve  Seats 


Fig.  2-3-1.     Removing   valve  seat   insert 


N20233 


1.  Use 
valve 


Valve   Grinding   Kit   (contains   parts   to 


Caution:  Cover  the  valve  seat  with  a  shop  rag  to  avoid  in- 
jury from  broken  pieces  of  the  seat. 

2.  Enlarge    counterbore    to    next   oversize.    Most   inserts    are 
available  in  standard  and  oversizes  as  shown  in  Table  2-3-1. 

Note:  If  head  was  resurfaced  and  inserts  are  to  be  reused, 
deepen  counterbore  only. 

3.  Valve  Seat  Insert  Tool  must  be  used  to  hold  and 
drive  cutters    and      must  be  driven  by  an  electric  motor. 
Fig.  2-3-2. 

4.  Cut  counterbore  0.006/0.010   in.   [0.1524/0.2540  mm]  deeper 
than  insert  thickness  to  permit  peening  of  head  to  ho  H 
insert. 
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2.  Check  condition  of  grinding  equipment. 

a.  Mandrels  must  be  straight  and  of  proper  size  to  fit  in 
guides. 

b.  Bushings  in  grinder  must  be  clean  and  must  fit  prope 
guide  mandrel. 

c.  Drive  unit  bearings  must  be  in  good  condition. 

3.  Dress  stone  to  30°  from  horizontal. 

4.  Grind  valve  seats,  holding  seating  motor  as  nearly  ve 
as  possible.  Fig.  2-3-3.  A  severe  angle  will  cause  se 
be  out-of-true  depending  upon  amount  of  wear  in  gr 
bearings,  mandrel,  bushings,  etc.,  even  though  grinde 
a  universal  joint. 

5.  Check  valve   seat  width   which   should    be   Vie   to   V 
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>le  2-3-1:  Valve  Seat  Insert  Specifications  —  In.  [mm] 


jine 
•ies 


ST-257  and 
Following 
ST  Cutters 


Insert 

Part 

Number 


Oversize 
Diameter 


Depth 


Insert 
O.  D. 


Cylinder  Head 
I.  D. 


Insert 
Thickness 


c 

ST-484            70843 

Std. 

Std. 

1.4300/1.4305 

1.427/1.428 

0.156/0.161 

>ur 

[36.3220/36.3347] 

[36.2458/36.2712] 

[3.9624/4.0894] 

Ives 

r 

103331 

0.010 

Std. 

1.4400/1.4405 

1.432/1.433 

0.156/0.161 

Under) 

[0.2540] 

[36.5760/36.5887] 

[36.3728/36.3982] 

[3.9624/4.0894] 

103332 

0.020 

0.005 

1.4500/1.4505 

1  .447/1  .448 

0.161/0.166 

[0.5080] 

[0.1270] 

[36.8300/36.8427] 

[36.7538/36.7792] 

[4.0894/4.2164] 

103333 

0.030 

0.010 

1.4600/1.4605 

1.457/1.458 

0.166/0.171 

[0.7620] 

[0.2540] 

[37.0840/37.0967] 

[37.0078/37.0332] 

[4.2164/4.3434] 

103334 

0.040 

0.015 

1.4700/1.4705 

1.467/1.468 

0.171/0.176 

[1.0160] 

[0.3810] 

[37.3380/37.3507] 

[37.2618/37.2872] 

[4.3434/4.4704] 

Jtion:  Be 

sura  to  measure  insert 

before  machining  head 

or  installing  insert  in 

head. 

2-3-3.    Refacing  valve  «eat 


N2M16 


Fig.  2-3-4.    V»lv»   teat  Insert  croi»-«ectlon 


N102M 


a.  If  seating  area  is  wider  than  Vs  in.  [3.1750  mm]   maximum, 
stock    can    be    removed    from    points    "A"    and    "B"    with 
specially  dressed  valve  seat  grinder  stones. 

b.  Narrowing  should  not  extend  beyond  chamfer  on  seat  in- 
sert. Chamfer  provides  for  peen  metal. 

6.  Dress  wheel  for  final  finish. 

7.  Finish  grind  with  light  touches  of  stone  against  face. 

8.  Check  valve  seat  concentricity  with  valve  seat  indicator  as 
shown  in  Fig.  2-3-5. 


Fig.  2-3-6.    Indicating  valve  seat   insert 
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a.  Use  valve  guide  as  a  center. 

b.  Total  run  out  should  not  exceed  0.002  in.  [0.0508  mm]. 

c.  The  gauge  must  be  a  perfect  fit  on  pilot  mandrel. 

9.  Check  seat  with  mating  valve  as  described  on  Page  2-5-3 
to  insure  proper  sealing. 


Valve  Crossheads  and  Guides— Unit  204 


Valve  Crosshead  Guides 


Valve  crossheads  are  used  on  engines  with  dual  intake  and 
exhaust  valves  to  insure  that  both  valves  under  the  cross- 
head  are  opened  and  closed  at  the  same  time. 

1.  Remove  crosshead   guides  to   be   replaced,  using 
Puller  • 

Fig.  2-4-1. 


Fig.   2-4-2.     Installing   crosshead   guid 


3.  If  mandrels  are  not  available,  press  guides   into   head 
obtain  above  protrusion. 

4.  Crosshead  tubular  guides  should   be    pressed    in    head 
1.420/1.440  in.  [36.0680/36.5760  mm]  protrusion. 

5.  Use  conversion  guide   (116139)  to   replace  tubular  gui 
with  solid  guides.  This  guide  can  also  be  used  for  salv; 
purposes    if   the    solid-type   guide    hole    requires    rearr 
oversize. 


Fig.   2-4-1,    Pulling   crosshead   guide 
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L  Press  in   new  solid   guides  to  1.540/1.550  in. 

[39.1160/39.3700  mm]  assembled  height.  Fig.  2-4-2. 

Note:  Current  cylinder  heads  are  equipped  with  "solid"  pin- 
type  crosshead  guides  and  crossheads  with  hollow  stems. 
Old-and  new-style  crossheads  and  guides  may  be  used  in 
the  same  cylinder  head. 


Table  2-4-1:  Crosshead  Dimensions  —  In.  [mm] 

Type 
Crosshead 

New 
Minimum 

New 
Maximum 

Worn 
Limit 

Solid  Stem 
Tubular  Stem 

0.3708 
[9.4183 
0.376 
[9.5504] 

0.3713 
[9.4310] 
0.378 
[9.6012] 

0.370 
[9.3980] 
0.380 
[9.6520] 

Crossheads 

Tubular  Stem  Crosshead 

1.  Clean  crossheads. 

2.  Check  for  cracks  with  Magnaflux  process. 

3.  With  accurate  micrometers,  set  a  small  bore  gauge 

0.0002  in.  [0.0050  mm]  above  worn 
placement  limit.  Use  as  a  "No-Go"  gauge  in  crossh 
bore  to  check  for  wear  beyond  worn  replacement  lir 
shown  in  Table  2-4-1.  Check  for  out-of-round  holes. 

4.  Gauge  hole  at  several  points  90°  apart. 

Caution:  Do  not  use  a  plug  gauge  for  this  operation. 

5.  Check  reamed  depth  of  crosshead   bore;  it  should   b 
minimum  of  1.370  in.  [34.7980  mm]  in  depth. 

6.  Check  valve  stern  counterbore  depth  in  underside  of  crc 


ead;  it  should  be  a  minimum  of  0.090  in.  [2.2860  mm]  deep. 

lark  crossheads  for  replacement  that  are  not  within  worn 
splacement  limits. 

:heck  for  excessive  wear  on  rocker  lever  and  valve  con- 
act  surfaces. 


iolid  Stem  Crosshead 

lepeat  Steps  1  and  2  above. 

Measure   crosshead   O.D.  with   micrometers.   Mark   for   re- 
ilacement  if  wear  exceeds  limits  shown  in  Table  2-4-1. 

Jote:  When  replacement  is  necessary  it  is  suggested  that 
he  crosshead  guide  and  crosshead  both  be  changed.  Step 
under  "Valve  Crosshead  Guides"  preceding. 

tepeat  Step  8  above. 


Valves,  Guides  and  Springs— Unit  205 


Inspect  Valves 

Stellite-faced  exhaust  valves  can  be  identified  by  letters 
"EX"  or  "SF"  in  the  recessed  area  of  the  valve  head. 


Visual  Method 

Inspect,  then  discard  if: 

1.  Heads  are  cupped,  cracked,  pitted  or  worn  too  thin  to  re- 
grind  within  limits.  Check  valve  head  rim  thickness  (A,  Fig. 
2-5-1);  it  should  be  a  minimum  of  Vie  in.  [1.5875  mm]. 


I/IB  IN.  [UI7IMHJ 


Fig.  2-5-1.    Minimum  valve  head  rim  thickness 
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2.  Stems,  Fig.  2-5-2,  are  scored  or  worn  beyond  worn  limits 
shown  in  Table  2-5-1. 


Table  2-5-1: 

Valve  Stem  Dimensions  —  In.  [mm] 

Engine 
Series 

New 
Minimum 

New 
Maximum 

Worn 
Limits 

C      (Four 
valve) 

0.3400 
[8.6360] 

0.3410 
[8.6614] 

0.3390 
[8.6106] 

Fig.  2-5-2.    Measuring  valve   stem 


N20' 


3.  Collet  recesses   are  worn  so   new  collets  will    not    fit  s 
curely  in  recesses. 


Grind  Valves 


Use 


Valve  Grinding  Kit 


1.  Check  valve  grinder  setting  by  using  a  new  valve  and 
indicator  gauge. 

a.  Chuck  valve  on  guide  area  of  stem.  Fig.  2-5-3.   Roliev 
portions  on  both  ends  of  guide  area  are  not  necessai 
concentric  to  guide  area  of  stem. 

b.  Indicate  on  ground  face  of  valve. 

c.  Turn  valve  and  mark  high  spot  on  head  of  valve. 

d.  Rechuck  the  valve  180°  from  first  position. 

e.  Repeat  (b)  and  (c).  If  high  spots  are  same  for  both  (a)  a 
(d)  positions,  valve  is  warped.  If  high  spots  occur  in  c 
ferent  positions,  chuck  is  out  of  alignment.  Runout  shoi 
not  exceed  0.001  in.  [0.0254  mm]. 

2.  Check  bearings  of  machine. 

3.  The  grinding  wheel  must  be  the  proper  grade  and  prope 
dressed  to  avoid  chatter  and  grind  marks. 

4.  Wet-grind  valves  to  an  exact  30°  angle  from  horizontal 

5.  Valves   and   seats   properly   ground   with   precision    equ 
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b.  Valve  face  a  true  30°  angle. 

c.  Width  of  grind  is  within  limits. 

d.  Guide-to-stem  clearance  is  within  limits  as  determined  from 
dimensions  shown  in  Table  2-5-1  and  Table  2-5-2. 


Table  2-5-2:  Valve  Guide  Inside  Diameter  —  In.  [mm] 


Engine 
Series 


Reamer 


New 
Minimum 


New  Worn 

Maximum      Limit 


C,     (4 
Valve) 


ST-478 


0.3425 
[8.6995] 


0.3432 
[8.7172] 


0.3442 
[8.7426] 


'ig.   2-5-3.     Valve  grinding 


VI 0230 


lowever,  a  small  amount  of  lapping  is  permissible  if  neces- 
;ary  in  order  to  pass  vacuum  test  described  cinder  "Test- 
ng  Valve  Seating"  in  following  paragraphs. 


rim  thickness  as  shown  in  Rg.  2-5-1.  If  rim  is  less 
han  Vis  in.  [1.5875  mm],  valve  is  not  suitable  for  use  be- 
:ause  of  danger  of  burning  and  cupping. 

2heck  valve  in  a  finish-reamed  guide  and  against  a  newly 
)round  valve  seat  face.  Pencil  mark  valve  and  drop  into 
josition;  rotate  valve  10°.  A  good  seat  will  be  indicated  if 
ill  pencil  marks  are  broken.  Fig.  2-5-4.  If  pencil  marks  are 
lot  broken,  valve  seat  tools  need  dressing  or  machine  has 
ict  been  properly  adjusted;  final  check  should  be  made 
vith  a  vacuum  tester.  See  "Testing  Valve  Seating". 

Conditions  of  a  good  valve  seat. 

Jo  grinding  or  reamer  marks  on  seating  surfaces  and  with- 
n  guide. 


Valve  Guides 
Inspect  Guides 

1.  A  plug  gauge  is  not  satisfactory  to  gauge  worn  holes.  It 
will  not  detect  an  out-of-round  hole.  Instead,  use  a  small 
bore  gauge  f- 

2.  To  use  a  small  bore  gauge,  set  it  with  accurate  microm- 
eters at  0.0002  in.   [0.0050  mm]   larger  than  worn   replace- 
ment limit  shown  in  Table  2-5-2.  Then  use  bore  gauge  as  a 
"No-Go"    gauge.    Fig.    2-5-5.    Gauge    the    hole    at    several 
points  crosswise  and  endwise  of  head. 


Fig.   2-5-5.     Measuring  valve  guide 
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ig.  2-6-4.     Pencil   marks   on   valve* 


3.  If  old  valve  guides  are  worn  beyond  worn  replacement  lim- 
N20217  its  shown  in  Table  2-5-2,  mark  for  replacement. 


4.  Inspect  the  sharp  edge  of  tapered  valve  guides  for  chips, 
cracks,  burrs;  if  damaged,  mark  for  replacement. 


a  drill  press  and  floating  tool  holder.  Fig.  2-5-7. 


Replace  Valve  Guides 

1.  Drive  out  worn  guides  from  underside  of  cylinder  head. 

2.  Install  new  guides  with  arbor  press  and  proper  mandrel. 
Fig.  2-5-6.  Refer  to  Table  2-5-3  for  proper  mandrel. 


Fig.  2-5-6.     Installing   valve  guide 
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Fig.  2-5-7.    Roaming  valve  guide 


Note:  Use  lubricating  oil  or  soluble  oil  and  water  solut 
for  good  finish. 

b.  Ream  valve  guides  with  proper  reamer  to  dimensions  sho 
in  Table  2-5-2. 

Caution:  Special  care  must  be  used  to  avoid  breaking  « 
bide  tips.  Sharpen  tipped  tools  on  a  diamond-impregna 
wheel. 


Table  2-5-3:  Valve  Guide  Protrusion  —  In.  [mm] 


Engine  Series      Mandrel 


C      (4  valve)        ST-740 


Protrusion 


1.240/1.260 

[31 .4960/32.0040] 


3.  If   proper  valve   guide   mandrels   are   not   available,    press 
guides  into  head  to  obtain  protrusion  above  head  surface 
as  listed  in  Table  2-5-3. 

4.  Most  valve  guides  will  not  require  reaming.  Insert  valve  in- 
to guide  and  check  for  freedom   of  movement,  or  check 
guide  with  small  bore  gauge  to  determine  if  guide  bore  is 
too  small. 

Caution:  Guides  which  have  been  through  the  "tuff-riding" 
process,  identified  by  a  dull  grey  appearance,  are  not  to  be 
reamed. 

5.  If  reaming  is  necessary  proceed  as  follows: 

a.  Ream  valve  guide  from  bottom  side  of  cylinder  head,  using 


Valve  Springs 

Weak  valve  springs  may  cause  valve  flutter  which  resi 
in  excessive  wear  on  both  valve  and  seat.  Valve  flutter 
terferes  with  valve  timing  and  may  cause  valve  to  strike 
piston  head.  Valve  warping,  cracking  and  breaking  are 
results  of  weak  valve  springs. 

1.  Test  valve  spring  on  spring  tester  that  is  capable  of  v 
accurate    measurements    of   spring    lengths    by    means 
standards  as  listed  in  Group  16  and  dial  indicator  gau 
Fig.  2-5-8. 

2.  One  spacer  may  be  used  under  valve  spring  when  ins 
and  valve  have  been  refaced  to  make  valve  check  wit 
load  limit.  Refer  to  parts  catalog  for  specific  spacer  pe 
nent  to  engine  model. 

Note:  A  maximum  of  Vie  in.  [1.5875  mm]  spacers  may 
used  under  valve  spring  when  head  has  been  resurfai 
and  valve  and  seat  have  been  refaced. 

3.  If  valve  springs  compress  to  dimension  shown,  at  less  tl 
load  indicated  under  "worn  limits",  valve  springs  should 
discarded.  Table  2-5-4. 


2-5-4:  Valve  Spring  Data  —  In.  [mm],  Ib.  [kg] 


Valve 
B          Spring          Approximate 
;           Part  No.        Free  Length 

No.           Wire 
Coils        Dia.                      Length 

Ib.  [kg]  Required  to  Compress 
New                     New                     Worn 
Minimum             Maximum            Limits 

i.           "106664         2.539  [64.4906] 
i           "120089         2.364  [60.0456] 

10Vi         0.148  [3.7592]      1 
9Vj           0.148  [3.7592]      1 

.673  [42.4942] 
.610  [40.8940] 

116  [52.6060] 
105  [47.61  75] 

128  [58.0480]       105  [47.61  75] 
117  [53.0595]       100  [45.3500] 

ion:  Do  not  mix  valve  springs 

of  different  lengths  under 

the  same  crosshead. 

5-8.    Testing  valve   spring 
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Assembly  and  Testing 


Assembly  of  the  head  at  this  stage  is  complete  except 
valve  installation.  After  all  parts  are  installed,  test  to  make 
sure  head  is  ready  to  place  into  operation. 


Assembly 

Clean  cylinder  head,  valves,  springs,  etc.  before  assem- 
bling. Check  parts  list  to  determine  correct  valve  and  pis- 
ton combination.  Some  pistons  cannot  be  used  with  cur- 
rent intake  valves  without  causing  piston  and  valve  contact. 

1.  Insert  valves. 

2.  Place  cylinder  head  face  down  on  a  wooden  bench  or  pro- 
tective surface  to  prevent  marring  milled  surface. 

3.  Assemble  lower  valve  spring  guides  on  valve  guides. 

4.  Assemble  springs. 


Fig,  2-6-1.    Vacuum   testing  valves  for  leaks 


Notes: 

a.  Use  same   part  number  spring  with  mating  spring   under 
crosshead. 

b.  Reground  valve  heads  seat  deeper  in  cylinder  head  caus- 
ing valve  stem  to  protrude  further  above  the  guide.  This 
allows   valve   spring   toe- extend   beyond   length   limits    and 
causes  weak  spring  action.  Therefore,  up  to  Vi6  in.  [1.5875 
mm]  of  spacers  may  be  used  to  reduce  valve  spring  length. 

Caution:  Too  many  spacers  will  cau§«  the  compressed 
spring  to  become  a  solid  sleeve.  See  Table  2-5-4,  "Valve 
Spring  Data." 

5.  Assemble  upper  valve  spring  guide. 

6.  Use  Valve  Spring  Compressor  to  compress  valve 
spring,  Insert  new  half-collets. 


Testing 

Valve  Seating 

A  vacuum  tester  to  check  valves  and  seats  for  leakage  is 
available*  It  consists  of  a  vacuum  pump,  vacuum 

gauge  and  vacuum  cup.  Use  with  any  6-volt  battery  source 
or  110-volt  electrical  outlet  as  required.  Fig.  2-6-1. 

Caution:  Never  vacuum  test  cylinder  head  with  injectors 
Installed. 

1.  ValvAft  and   unata   munt  h«   Hru  and   rlann 


1.  Select  proper  vacuum  cup  (1,  Fig.  2-6-1)  for  size  valve 
be  tested.  Cups  aro  furnished  with  each  tester  so  all 
gine  models  can  be  tested. 

3.  Place  vacuum  cup  over  valve  head.  "O"  ring  on  cup  sh< 
seat  on  flat  surface  of  head  surrounding  valve.  Grease 
be  applied  to  "O"  ring  for  a  better  seal. 

4.  Turn  hand  shut-off  valve  to  open  position;  hold  push 
ton  (2)  to  operate  vacuum  pump. 

5.  Operate  vacuum   pump   until   hand   on   vacuum    gauge 
stops  climbing  at  18  to  25  inches  of  mercury  as  showr 
dial. 

6.  Close  shut-off  valve  (4);  release  push  button  to  stop  pi 

7.  Time  fall  of  gauge  Hand  to  test  valve  seat. 

a.  Begin  timing  as  soon  as  hand  reaches  "18"  on  dial. 

b.  Stop  timing  when  hand  reaches  "8".  If  elapsed  time  is 
than  ten  seconds,  valve  seat  seal  is  unsatisfactory. 

8.  Tap  the  stem  end  of  the  valve  with  a  soft-faced  mallet 
retest. 

9.  If  valve  seat  is  unsatisfactory: 

a.  Check  for  leaking  connections  in  tester;  operate  vac 
pump  with  suction  cup  against  a  clean  window  glass  or 
smooth  flat  surface;  check  for  fall  of  indicator  hand  i 
eating  loose  connection. 

h    MaUfi  sure  valve  and  seat  are  not  dirtv. 


(egrind  valve  and  seat  if  necessary;  however,  it  is  possible 
a  mistake  leakage  around  the  valve  seat  insert  for  valve 
t-at  leakage.  If  this  type  of  leakage  is  suspected,  apply 
rease  around  outside  edge  of  insert  to  make  a  grease 
eal.  Perform  vacuum  test  and  inspect  the  grease  seal  for 
,  break  indicating  air  leakage  between  wall  of  counterbore 
ind  valve  seat  insert.  If  leak  around  valve  seat  insert  is 
iiiind,  correction  is  required  before  continuing  with  test. 


Vatf 


Jeplace  all  pipe  plugs  if  not  in  place.  Use  sealing  tape  or 
sad  sealer  to  prevent  leakage.  Torque  plugs  to  values  list- 
rl  in  Table  2-6-1. 


able  !M>-1:  Cylinder  Head  Pipe  Plug  Torque  Ft.-Lb.  [kg  m] 


'lug  She 

Minimum 

Maximum 

\  In. 
use  Plug 
'.  In. 
'i   In 
'.:   In. 
in. 

5  [0.6910] 
5  [0.6910] 
35  [4.8370] 
60  [8.2920] 
65  [8.9830] 
135  [18.6570] 

10  [1.3820] 
10  [1.3820] 
45  [6.2190] 
70  [9.6740] 
75  [10.3650] 
145   [20.0390] 

istall  Injector  Sleeve  Holding  Tool  or  a 

crap  injector  and  cup  assembly  in  each  injector  sleeve. 

'ighten  sleeve  holding  tool  to  10/12  ft.-lb.  [1.3820/1.6584  kg 
i]  to  seal  lower  end  of  injection  sleeve,  Fig.  2-6-2,  or  in- 
tall  injectors  and  secure  with  canscrews  torqued  to  same 
alue. 

est  cylinder  heads  for  leaks  at  35/85  psi  [2.4605/5.9755  kg/ 
q  cm]  and,  if  possible,  at  175°/200°  F.  [79°/93°  C.]  water 
smperature.  Check  carefully  around  valve  seats  and  in- 
:ctor  sleeve  seats  for  any  cracks,  even  though  such  cracks 
light  not  show  water  leakage.  This  type  crack  is  caused 
'hen  injector  capscrews  are  tightened  beyond  factory 
jrque  recommendation.  Discard  head,  if  cracked. 

Ipen  water  outlet  valve  of  test  fixture;  check  for  free  wa- 
jr  circulation  through  cylinder  head.  If  restriction  is  evi- 
ent,  remove  plugs  and  injector  sleeves;  clean  water 
ickets  of  salt,  lime  or  sludge. 


Fig.  2-6-2.     Installing   injector  sleeve  holding  tool 


N20237 


Fig.  2-6-3. 


Vent  holes 


N20224 


ent  Holes 

ylinder  head  contains  vent  or  breather  holes  that  must  be 

plugged  on  super- 
iarged  engines.  Fig.  2-6-3. 


Rocker  Lever  Group 


The    rocker   lever   group   consists   of   rocker   levers, 
tubes,  cylinder  head  covers  and  crankcase  breathers. 


Rocker  Levers  and  Cover— Unit  301 


Measurements 

All  dimensions  in  this  group  are   listed  in  both   U.S.   and 
Metric  units.  The  metric  units  are  enclosed  in  brackets  []. 


Rocker  Lever  Disassembly 

1.  Slide   rocker   lever   shaft   bearv.gs   and    rocker    levers    off 
rocker  lever  shaft. 

2.  Remove    adjusting    screw    locknuts    and    adjusting    screws 
from  rocker  levers. 


Cleaning  and  Inspection 


1.  Clean  all  parts  in  cleaning  solvent. 

2.  Blow  out  lubricating  oil  passages  with  compressed  air. 

3.  Check  for  surface   imperfections   by  magnetic   inspection. 
Apply  coil  magnetization,  amperage  at  300  to  500  with  resi- 
dual Magnaglo.  See  Fig.  3-1-1  for  most  likely  areas. 

4.  The  ball  end  of  rocker  lever  adjusting  screw  must  be  a  true 
sphere.  Test  with  1A  in.  [6.3500  mm]  radius  gauge.  Replace 
if  flat  at  bottom  or  there  is  evidence  of  scratching  or  gall- 
ing. Fig.  3-1-2. 

5.  Examine  injector  rocker  lever  sockets  for  a  true  fit  on  in- 
jector links.  Check  sockets  with  a  radius  gauge  or  by  ob- 
servation of  a  small  protrusion   at  bottom  of  socket.   Pull 
and  discard  damaged  or  badly  worn  injector  rocker  lever 
sockets.  If  socket  is  broken  press  out  by  drilling  a  small 
hole  in  lever  above  socket;  after  socket  is  removed,  weld 
hole  closed  or  install  and  stake  plug  in  hole. 

6.  Check  rocker  lever  bushings  for  scratches,  pitting  or  scor- 
ing. Check  rocker  lever  bushing  inside  diameter  with   in- 


Fig.   3-1-1.    Magnetic   inspection  crack  indication 


Fig.  3-1-2.    Chocking  rocker  lever  adjusting  screw  ball  end 


7.  If  steel  bushing  exceeds  1.1275  in.  [28.6385  mm]  pre 


Check  intake  and  exhaust  rocker  lever  valve  contact  sur- 
faces. If  worn  or  damaged,  grind  to  original  contour  or  re- 
olace  with  new  rocker  lever. 

Check  rocker  lever  shaft  for  wear  or  scoring.  If  shaft  has 
shoulders  or  ridges  due  to  rocker  lever  action  on  shaft,  re- 
place with  new  rocker  lever  shaft, 

Examine  rocker  lever  shaft  bearings  for  cracks,  breaks  and 
stripped  threads.  Replace  as  necessary. 

Visually  check  surfaces  which  mate  with  adjacent  levers.  If 
galled,  restore  surfaces  to  original  smoothness. 


Pablo  3-1-1: 

Rocker  Lever 

Bushing  Inside 

Diameter 

Bushing 
Material 

New  Dimension 
Minimum           Maximum 
In.  [mm]             In.  [mm] 

Worn 
Limit 
In.  [mm] 

Steol 

1.1245 
[28.5623] 

1.1275 
[28.6385] 

1.1285 
[28.6639] 

Fig.  3-1-3.     Installing   bushing 


N20306 


Fable  3-1-2:  Rocker  Lever  Shaft  Outside  Diameter 

New  Dimensions 
Minimum 
In.        [mm] 

Maximum 
In.        [mm] 

Worn 
Limit 
In.        [mm] 

1.1230  [28.5242] 

1.1235  [28.5369] 

1.1220  [28.4988] 

I     r    I 


Assembly 

If  rocker  lever  bushings  were  found  unserviceable,  press 
out  (1,  Fig.  3-1-3).  Align  oil  hole  in  precision 

steel  bushing  (2)  and  oil  hole  in  rocker  lever  and  press 
bushing  in  t  Locate  bushing  so  split  is  not  at 

bottom  or  load  area  in  lever.  Check  lever  over  shaft  to 
make  sure  bushing  has  not  "collapsed". 

Rocker  lever  assembly  is  lubricated  through  oil  holes  in 
shaft  and  in  center  bearing  which  indexes  with  oil  passage 
in  block.  Oil  line  dowel  pin  in  cylinder  head  indexes  with 
center  bearing. 

Note:  If  new  rocker  lever  shaft  is  being  used,  install  new 
steel  bushings  in  all  rocker  levers.  Old-style  bronze  bush- 
ings will  wear  quickly  and  fail  with  new  rocker  lever  shaft 
which  has  oil  holes  on  the  bottom;  these  bushings  are  no 
longer  available  as  service  parts. 

Install  dowels  in  end  rocker  lever  shaft  bearings. 
Install  rocker  lever  socket  in  injector  rocker  levers. 
Install  adjusting  screws  and  locknuts  in  rocker  levers. 
Coat  rocker  lever  shaft  with  clean  lubricating  oil. 

Position  an  end  rocker  lever  shaft  bearing  on  gear  case 
end  (1,  Fig.  3-1-4)  of  rocker  lever  shaft. 


'-a 


Fig.  3-1-4.    Rocker  lever  assembly 


N20307 


7.  From  opposite  end  of  shaft,  slide  an  exhaust  (E),  injector 
(F),  and  intake  (I)  rocker,,  lever  down  against  bearing. 


8.  Slide  a  plain  bearing,  an  intake,  injector  and  exhaust  rocker 
lever  onto  shaft  and  against  levers  previously  assembled. 

9.  Slide  a  bearing,  tapped  to  receive  a  rocker  lever  cover 
capscrew,  onto  shaft. 


10.  Install   an   exhaust,   injector,   and   intake   lever  and   center 
bearing  on  shaft. 

11.  Install  an  intake,  injector,  and  exhaust  lever  and  another 
tapped  bearing  on  shaft. 

12.  Install  an  exhaust,  injector,  intake  lever,  and  plain  bearing 
on  shaft. 

13.  Install   an    intake,    injector,   exhaust   lever,   and   remaining 
bearing  on  flywheel  end  (2)  of  shaft. 


Assembly 

1.  Install  clean  breather  element,  as  used. 

2.  Install  new  or  usable  filler  cap. 

3.  Reconnect  vapor  tube,  when  used. 


Cylinder  Head  Covers 
Disassembly 

1.  Remove  lubricating  oil  filler  cap  (3,  Fig.  3-1-5.). 


Fig.   3-1-5.     Cylinder   head   cover  assembly 


N20308 


2.  Remove  crankcase  breather  element 

See  Fig.  3-3-J. 

3.  Remove  vapor  tube,  when  used. 


Cleaning,  Inspection  and  Repair 

1.  Clean   all   parts  except  element  in  an   approved   cleaning 
solvent  and  dry  with  moisture-free  compressed  air. 

2.  Remove  all  gasket  material  from  sealing  edge  of  cover. 

3.  Inspect  cover  for  cracks,  dents  and  distorted  sealing  area; 
discard  unserviceable  parts. 


Push  Tubes-Unit  302 


Each  cylinder  has  an   exhaust,   injector,  and   intake   push 
tube. 

1.  Clean  push  tubes  in  mineral  spirits  or  equal  solvent. 

2.  Check  injector  and  valve  push  tube  ball  end  with  radius 
gauge  for  wear.  Fig.  3-2-1. 


Fig.  3-2-2.    Checking  puoh-lutio  nuckol  end  with  n<l|u»lmy 


7.  Push  tubes  which  have  become  filled  with  lubric 
should  be  drained  by  drilling  a  Vie  in.  [1.5B7G  mm] 
the  tube  1  in.  [26.4000  mm]  above  whore  tuba  cont 
insert. 


Fig.  3-2-1.    Checking  push  tube  ball  end  with   radius  gauge  N20309 


a.  Ball   end   diameter,   intake   and   exhaust  push   tube:   0.623y 
0.625  in.  [15.8242/15.8750  mm]. 

b.  Ball    end    diameter,    injector    push    tube:    0.685/0.687    in. 
[17.3990/17.4498  mm]  with  '/•   in.  [3.1750  mm]  diameter  flat 
at  bottom. 

3.  Check  socket  of  push  tube  with  ball  end  of  a  new  rocker 
lever  adjusting  screw,  Fig.  3-2-2,  or  with  a  Vi  in.   [12.7000 
mm]  check  ball  which  should  "blue  in"  80%  of  seat  area; 
spherical  inside  diameter  new  is  0.4995/0.5005  in.  [12.6873/ 
12.7127  mm]. 

4.  Extreme  wear  on  either  end  of  push  tube  will  result  in  loss 
of  lubricating  oil  pressure  and  may  interfere  with   correct 
injector  and  valve  adjustment. 

5.  Check  push  tubes  to  see  if  they  are  bent.(out-of-round). 
Tubes   should    not   be    out-of-round    more   than    0.025    in. 
[0.6350  mm],  when  located  in  centers  of  socket  and  ball. 
Push  tubes  that  are  bent  have  usually  had  the  adjusting 
screws  over-torqued. 

6.  Push  tubes  with  worn  balls  shoulrl  n«var  Ke  mefafio,j  ,v  _„... 


Breather— Unit  303 


icreen  Element  Breather 

he  screen  element  type  breather  Fig.  3-3-2  is  used  on  su- 
ercharged  engines. 

lemove  capscrews,  washer,  cover  (1,  Fig.  3-3-2),  screen 
3),  and  baffle  (4)  from  the  breather  body  (5). 

iemove  the  vent  tube. 

)lean  vent  tube,  screens  and  baffle  in  an  approved  clean- 
ng  solvent.  Dry  with  compressed  air.  Wipe  out  breather 
lousing. 

Assemble  baffle  (4),  screens  (3),  and  new  gasket  (2)  in 
>ody  (5). 

Replace  cover  (1)  with  cover  boss  resting  securely  on 
>oint  of  screen  secure  with  washers  and  capscrews. 

Replace  the  vent  tube. 


Fig.  3-3-2.    Crankcase  breather  —  tcrean-typ*  alamant 


N20312 


Tappets  Group 


Tappets  are  used  to  transmit  movement  from  the  eng 
camshaft  to  the  push  tubes  and  rocker  levers  to  actu 
the  injectors  and  valves.  Tappet  assembly  is  made  up  c 
body  containing  a  push  tube  seat,  a  roller  and  pin; 
roller  rides  on  the  camshaft  lobe. 


Tappets— Unit  401 


Measurements 

All  dimensions  in  this  group  are  listed  in  both  U.S.  and 
Metric  units.  The  Metric  units  are  enclosed  in  brackets  [  ]. 


Disassembly 

1.  Place  0.006  in.  [0.1524  mm]  shim  between  tappet  (2,  Fig. 
4-1-1)  and  side  of  roller  (3)  to  prevent  springing  fork  when 
removing  roller;  press  on  end  of  pin  (4)  that  is  not  lock- 
wired  (pinned). 

2.  Discard  pin  (4)  and  lockwire  (5). 


2.  Measure  tappet  body  outside  diameter  for  wear;  meas 
roller  outside  diameter  and  inside  diameter  for  wear.  [ 
card  if  worn  beyond  limits  shown  in  Table  4-1-1. 

3.  Check  tappet  push  tube  seat  by  "bluing"  correspond 
new  push  tube  on  ball  end  and  rotating  in  tappet;  a 
seat  should  be  indicated.  For  best  results  keep  push  ti 
with  mating  tappet,  especially  if  they  are  to  be  re-usec 

4.  Check  body  pin  holes  and  inspect  hole  for  burrs  bef 
reassembly. 

5.  Check  force  required  to  move  guide  sleeve  inside  tapp 
if  less  than  15  in.-lb.  [0.1725  kg  m],  install  new  sleeve. 


Fig.  4-1-1.    Tappet  exploded  («laov«-body-pin  roll«r-wlre)  N20404 


Inspection 

1.  Check  for  scored,  flaked  or  chipped  rollers;  discard  dam- 
aged parts. 


Assembly 

1.  Insert  0.006  in.  [0.1524  mm]  shim  between  side  of  roller 
Fig.  4-1-1)  and  tappet  (2);  press  pin  (4)  through  tappet  ( 
roller  with  lockwire  (5)  in  pin.  Make  sure  lockwire  seats 
groove  of  tappet.  See  Fig.  4-1-2. 

Caution:  Lubricating  oil  passage  in  pin  and  tappet  m 
Index  for  adequate  lubrication. 

2.  Install  steel  sleeve  (1,  Fig.  4-1-1)  in  tappet  by  compress 
and  aligning  guide  slot  in  sleeve  with  slot  in  tappet  bo 

Caution:  Maka  certain  that  any  roller  pint  removed  are 
placed  with  identical  pins.  Use  of  incorrect  pin  and  tapi 
combination  will  seal  off  lubricating  oil  drillings  and  It 
to  parts  failure.  There  are  two  styles  of  tappets  and  tapi 
roller  pins  used  in  C  and  J  Series  Engines. 


Inspection  Of  Assembled  Tappet 

Inspection  of  tappet  assembly  requires  a  surface  pi 
small  V  block  with  clamp  to  hold  tappet  in  position  and 
Indicator  calibrated  in  tenths  of  a  thousandth  in.  or  [r 
attached  to  a  surface  gauge. 


,.nn^i*;«n«  ohm/A  «y!«t  camshaft  should         1.  Usina  a  small  wire  check  indexing  of  pin  and  body  lu 


ssembly  or  part 

New  Minimum 

New  Maximum 

Worn  Limit 

ijector  Tappet 

•ody  Outside  Diameter 

1.3100 

[33.2740] 

1.3110 

[33.2994] 

1.3090 

[33.2486] 

oiler  Outside  Diameter 

1.1230 

[28.5242] 

1.1250 

[28.5750] 

1.1210 

[28.4734] 

!oller  Inside  Diameter 

0.5655 

[14.3637] 

0.5665 

[14.3891] 

0.5675 

[14.4145] 

:oller  Pin  Outside  Diameter 

0.5620 

[14.2748] 

0.5626 

[14.2900] 

0.5610 

[14.2494] 

loller  Side  Clearance 

0.0050 

[0.1270] 

0.0170 

[0.4318] 

0.0220 

[0.5588] 

!oller  Concentricity  Assembled 

— 

— 

0.0005 

[0.0127] 

— 

— 

loller  Squareness  Assembled 

— 

— 

0.0010 

[0.0254] 

— 

— 

'alve  Tappet 

iody  Outside  Diameter 

1.1850 

[30.0990] 

1.1860 

[30.1244] 

1.1840 

[30.0763] 

loller  Outside  Diameter 

1.0610 

[26.9494] 

1.0630 

[27.0002] 

1.0590 

[26.8986] 

'oiler  Inside  Diameter 

0.5030 

[12.7762] 

0.5040 

[12.8016] 

0.5050 

[12.8270] 

toller  Pin  Outside  Diameter 

0.4995 

[12.6873] 

0.5000 

[12.7000] 

0.4985 

[12.6619] 

toller  Side  Clearance 

0.0080 

[0.2032] 

0.0220 

[0.5588] 

0.0270 

[0.6858] 

toller  Concentricity  Assembled 

— 

— 

0.0010 

[0.0254] 

— 

— 

toller  Squareness  Assembled 

— 

— 

0.0010 

[0.0254] 

— 

— 

:ig.   4-1-2.     Installing   tappet   roller  and   pin 
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Fig.   4-1-3.    Checking  tappet  roller  concentricity 


N 20405 


Dheck  freeness  of  roller  by  rotating  two  or  three  turns.  If 
i  "drag"  is  felt  the  plating  on  pin  has  probably  picked  up 
during  assembly,  due  to  burrs  or  pin  not  being  held  square 
during  assembly. 

Stand  small  V  block  on  surface  plate. 

Mole:  Tools  and  parts  must  be  clean  to  obtain  a  true  check. 

Stand  tappet  assembly  on  surface  plate  with  roller  up.  Se- 
cure tappet  in  V  block  with  clamp. 

Using  an  indicator  calibrated  in  tenths  of  a  thousandth  in. 
or  [mm]  check  cor,:,cntricity  by  rotating  roller.  Move  indi- 
cator stand  slightly  and  recheck.  See  Table  4-1-1  for  di- 

nensions. 


Caution:  Injector  and  valve  tappet  dimensions  are  not  the 
same.  Use  correct  dimensions  when  checking  wear.  Any 
parts  that  do  not  pass  the  checks  must  be  disassembled. 
(Perform  inspection  during  disassembly  to  determine  the 
reason  for  rejection.)  Reassemble  tappets  following  "As- 
sembly" and  "Inspection  of  Tappet  Assembly". 

6.  Using  same  indicator  as  in  Step  5  above,  check  squareness 
of  roller  by  sweeping  indicator  across  diameter  on  one  end 
of  roller,  then  sweeping  the  other  end.  Rotate  tappet  roller 
180°  and  check  again  at  roller  ends  by  sweeping  across  the 
diameter.  See  Table  4-1-1  for  dimensions.  It  is  permissible 
and  recommended  to  exert  some  downward  pressure 
against  roller  when  gauging  to  assure  firm  contact-  against 
roller  pin. 


PT  F-uel  Pumps 
Calibration 


PT  Fuel  Pump  Group 


500 


Fig.  1A.    PT  (type  G)  fuel  pump  —  left  handed  gear  pump 


Operating   rcm^,^ 


PT  Fuel  Pump  Group 


The  PT  fuel  system  is  us.ul  ,>x.:lus.voly  on 
Diesels.  The  identifying  lotturr.,  "IM  ,  «,«  «n  a 
for  "pressure-time." 

1'i'dvi"'  f*'1 

The   designation  l  yl 

"Ciovernor  Contiollo 

Hereafter,   thoso    domination:;   will   bo   u. 
scribe  both   the   fuel   system   and  (ho  fu.il  pump 


Operating  Principles— Unit  5O1 


We  can  better  understand  the  PT  fuel  pumps  if  we  know 
the  basic  functions  of  the  complete  fuel  system. 


Detailed  operation  ot  the  injectors  is  described  in 
Unit  6        which  covers  operation,  cleaning  and  calibra- 
tion of  injectors. 

The  operation  of  the  PT  Fuel  System  is  based  on 

the  principle  that  the  volume  of  liquid  flow  is  proportionate 
to  the  fluid  pressure,  the  time  allowed  to  flow  and  the  size 
of  passage  the  liquid  flows  through.  To  apply  this  simple 
principle  to  the  PT  Fuel  System,  it  is  necessary 

to  provide: 

1.  A  fuel  pump  to  draw  fuel  from  the  supply  tank  and  deliver 
it  to  individual  injectors  for  each  cylinder. 

2.  A   means   of   controlling   the    pressure   of  the    fuel    being 
delivered  by  the  fuel  pump  to  the  injectors  so  the  individual 
cylinders  will  receive  the  right  amount  of  fuel  for  the  power 
required  of  the  engine. 

3.  Fuel  passages  of  the  proper  size  and  type  so  that  the  fuel 
will  be  distributed  to  all  injectors  and  cylinders  with  equal 
pressure  under  all  speed  and  load  conditions. 

4.  Injectors  to  receive  low-pressure  fuel  from  the  fuel  pump 
and  deliver  it  into  the  individual  combustion  chambers  at 
the  right  time,  in  equal  quantity  and  proper  condition  to 
burn. 


Fuel  Pump 

The  fuel  pump  is  coupled  to  the  compressor 
drive  which  is  driven  from  the  engine  gear  train.  The  fuel 
pump  main   shaft  turns   at  engine   crankshaft  speed,   and 
drives  the  gear  pump,  governor  and  tachometer  shaft. 


PT  (type  G)  Fuel  Pump 

The  PT  (type  G)  fuol  pump  can  l>n  nliintifmil 
sence  of  the  return  lino  at  thti  top  of  thn  luol 
pump  assembly  is  rnado  up  of  tlumi  mum  nulls. 

1.  The  gear  pump  which  draws  fiml  (com  llm  Mini 
forces  it  through  the  pump  filtor  wnnniii  ID  thu  <\ 


2.  The  governor  which  controls  the  flow  of  tho  d 
gear  pump,  as  well  as  tho  maximum  and  idlo  en; 

3.  The  throttle  which   provides   n  manual  control 
to  the  injectors  under  alt  conditions  in  tln«  opof 
The  location  of  fuel  pump  components  is  nulici 

501-2, 

Gear  Pump  And  Pulsation  Dampar 


The  gear  pump  is  driven  by  the  pump  main  sh 
tains   a   single    set   of   gears    to    pick  up   and 
throughout  the  fuel   syatem.  A   pulsation  damr. 
to  the  gear  pump  contains  a  stool  diaphragm  wl 


the  gear  pump,  fuel  flows  through  the  filter  screen 


B  PT  (type  G)  fuel  pump,  to  the  governor  assembly 
iown  in  Fig.  501-2. 

mtly,  PT  (type  G)  gear  pumps  are  equipped  with  a 
I  line  (to  the  engine  injector  return  line  or  to  tank) 
i  prevents  excessive  fuel  temperatures  within  the  fuel 
>.  The  bleed  line  functions  primarily  when  the  pump 
le  is  set  at  idle  speed  but  gear  pump  output  is  high, 

0  engine  rotative  speed,  as  occurs  at  down  hill  opera- 
A  special  check  valve  and/or  fitting  is  used  in  the  gear 

1  to  accomplish  the  bleed  action. 


tie 

the  throttle  provides  a  means  for  the 
itor  to  manually  control  engine  speed  above  idle  as 
red  by  varying  operating  conditions  of  speed  and  load. 


Governors 

Idling  and  High-Speed  Mechanical  Governor 

The  mechanical   governor,   sometimes   called   "automotive 
governor" 

is  actuated  by  a  system  of  springs  and  weights, 
and  has  two  functions.  First,  the  governor  maintains  suf- 
ficient fuel  for  idling  with  the  throttle  control  in  idle  posi- 
tion; second,  it  cuts  off  fuel  to  the  injectors  above  maximum 
rated  rpm.  The  idle  springs  in  the  governor  spring  pack 
positions  the  governor  plunger  so  the  idle  fuel  port  is 
opened  enough  to  permit  passage  of  fuel  to  maintain  en- 
gine idle  speed. 

During  operation  between  idle  and  maximum  speeds,  fuel 
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Fig.  501-2    PT  (type  G)  fuel  pump  cross-section  and  fuel  flow 
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flows  through  the  governor  to  the  injectors  in  accord  with 
the  engine  requirements  as  controlled  by  the  throttle  and 
limited  by  the 

size  of  the  idle  spring  plunger  counterbore  on  PT- 
(type  G)  fuel  pumps.  When  the  engine  reaches  governed 
speed,  the  governor  weights  move  the  governor  plunger, 
and  fuel  passages  to  the  injectors  are  shut  off.  At  the  same 
time  another  passage  opens  and  dumps  the  fuel  back  into 
the  main  pump  body.  In  this  manner  engine  speed  is  con- 
trolled and  limited  by  the  governor  regardless  of  throttle 
position.  Fuel  leaving  the  pump  flows  through  the  shut- 
down valve,  inlet  supply  lines  and  on  into  the  injectors. 

The  majority  of  automotive-type  vehicles  are  equipped 
with  what  is  commonly  referred  to  as  the  automotive,  or 
maximum  speed  governor.  This  includes  the  normal  throt- 
tle shaft  to  which  the  foot  throttle  is  attached.  The  throt- 
tle shaft  position  may  be  used  to  set  engine  speed  be- 
tween idle  RPM  and  maximum  no  load  engine  speed  so 
long  as  the  load  on  the  engine  does  not  fluctuate. 


The  automotive  type  governor  cannot  be  expected  to 
ulate  engine  speed  below  full  load  governed   speed, 
when  trying  to  regulate  engine  speed  by  reducing  the  tr 
tie  position,  a  slight  variation  in  load  from  the  power  • 
off  driven   equipment  will  cause   a  widely  varying   eni 
speed.  For  all  applications  in  which  the  engine  is  dri' 
power  take  off  equipment,  and  at  the  same  time  the 
erator  is  not  controling  engine  speed  by  maintaining  < 
stant  touch  with  the  throttle,  it  is  recommended  that  t\ 
governors  be  used.  ' 


I 


I 


Operating  Principles 


PT  (type  G)  Mechanical  Variabla-Spaad  (MVS)  Gov«mors 

This  governor  supplements  the  standard  automotive  gover- 
nor to  meet  the  requirements  of  machinery  on  which  the 
engine  must  operate  at  a  constant  speed,  but  where  ex- 
tremely close  regulation  is  not  necessary. 

Adjustment  for  different  rpm  can  be  made  by  means  of  a 
lever  control  or  adjusting  screw.  At  full-rated  speed,  this 
governor  has  a  speed  droop  between  full-load  and  no-load 
of  approximately  eight  percent.  A  cross-section  of  this 
governor  is  shown  in  Fig,  501-5. 

As  a  variable-speed  governor,  this  unit  is  suited  to  the 
varying  speed  requirements  of  cranes,  shovels,  etc.,  in 
which  the  same  engine  is  used  for  propelling  the  unit  and 
driving*  a  pump  or  other  fixed-speed  machine. 

As  a  constant-speed  governor,  this  unit  provides  control 
for1  pumps,  nonparalleled  generators  and  other  applications 

where  close  regulation  (variation  between  no-load  and  full- 
load  speeds)  is  not  required. 

The  (MVS)  governor  assembly  mounts  atop  the  fuel  pump, 
and  the  fuel  solenoid  is  mounted  to  the  governor  housing. 
See  Fig.  501-5.  The  governor  also  may  be  remote  mounted. 

Fuel  from  the  fuel  pump  body  enters  the  variable  speed 
governor  housing  and  flows  to  the  governor  barrel  and 
plunger.  Fuel  flows  past  plunger  to  the  shut-down  valve 
and  on  into  the  injector  according  to  governor  lever  posi- 
tion, as  determined  by  the  operator. 

The  variable  speed  governor  cannot  produce  engine 
speeds  in  excess  of  the  automotive  governor  setting.  The 
governor  can  produce  idle  speeds  below  the  automotive 
pump  idle  speed  setting,  but  should  not  be  adjusted  below 
the  automotive  fuel  pump  speed  setting  when  operating  as 
a  combination  automotive  and  variable  speed  governor. 


Shut  Down  Valve 

an  electric  shut-down  valve  is  used 
Cummins  fuel  pumps. 


With  the  electric  valve,  the  manual  control  knob  must 
fully  counter-clockwise  to  permit  the  solenoid  to  open 
valve  when  the  "switch  key"  is  turned  on.  For  emerge 
operation  in  case  of  electrical  failure,  turn  manual  k 
clockwise  to  permit  fuel  to  flow  through  the  valve. 

Removal  Of  Fuel  Pump  Units 

This  unit  covers  disassembly  of  the  Cummins  PT  (typi 
and  type  R)  fuel  pumps.  When  a  part  is  used  only  on 
specific  fuel  pump,  it  is  clearly  indicated  as  such.  Howe 
a  PT  (type  G)  fuel  pump  is  used  as  the  basic  unit.  lns| 
tion  should  be  performed  at  all  times  du/ing  rebuild  w 
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'01-7      f-ual  pump  mounted  to  ST-546 


F601 


Fifl.  501-9      Removing  pulsation  damper  capscrews 


F503 


an  And  Mount 

an  outside  of  fuel  pump  thoroughly  with  an  approved 

rent.  Remove  lockwires  and  seals  if  used. 

ition:  Many  solvent  cleaners  are  injurious  to  aluminum. 

<e  sure  your  cleaner   is   suitable   before   using    it   on 

ninum. 

jnt  fuel  pump  on  ST-546  Holding  Fixture  and  ST-302 
vel  Vise.  Fig.  501-7. 

(type  G)  Fuel  Pump  Service  Cooling  Kit 

love  check  valve  and  orifice  elbow  assembly  from  bot- 
or  back  side  of  fuel  pump. 

e:  Current  pumps  have  the  check  valve  located  at  the 
r  pump  and  older  pumps  should  be  changed  over  at  any 
i  a  new  gear  pump  is  used. 

an  parts  in  clean  fuel  oil  and  dry  with  compressed  air 
vn  thru  both  ends. 

t-Down  Valve 


love  capscrews,  lockwashers  and  flatwashers  securing 


Tr-. 


•£ 


L* 

i,^***' 


Fig.  510-10    Removing  drive  cover  capscrews 
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>01-8       Removing  »hut-down  valve 


FB02 


Fig.  601-11    Removing  drive  cover 
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Fig.  501-12    Removing  governor  plunger  F506 

valve  to  top  of  main  housing.  Fig.  501-8. 
2,  Lift  off  shut-down  valve  and  discard  "O"  ring. 

Pulsation  Damper 

1.  Remove  the  capscrews,   lockwashers   and  flatwashers  se- 
curing pulsation  damper  to  gear  pump.  Some  dampers  are 
fitting  mounted  and  are  removed  by  screwing  damper  from 
fitting  on  gear  pump.  Fig.  501-9. 

2.  Lift  off  damper  and  discard  "O"  ring. 
Front  Drive  Cover 

1.  Remove  capscrews,  lockwashers  and  flatwashers  securing 
drive  cover  to  main  housing.  Fig.  501-10. 

2.  Tap  edge  of  cover  lightly  with  a  plastic  hammer  to  loosen. 

3.  Lift  cover  off  dowels  and  discard  gasket.  Fig.  501-11. 
Caution:  Never  use  a  steel  hammer  on  aluminum,  or  on  a 
finished  surface,  it  can  cause  extensive  damage. 

4.  Remove   weight    assist    plunger,    spring    and    shims    from 
weight  carrier  assembly. 


Tig.  501-13    Removing  throttle  assembly 
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Fig.  501-14     Removing  gear  pump  F 

Governor  Plunger 

1.  Slide  governor  plunger  from  barrel.  Fig.  501-12. 

Caution:  Place  plunger  where  it  will  not  be  damaged 
slight  nick  can  cause  extensive  damage. 

Throttle  Assembly 

1.  Compress    nameplate     retaining     ring     and     remove     fr 
groove. 

2.  Pull  throttle  assembly  from  pump.  Fig.  501-13.  The  thro' 
shaft  is  a  select  fit  in  its  sleeve  and  sizes  are  identified 
color  code. 

Caution:  Handle  throttle  shaft  with  care. 

Gear  Pump 

1.  Remove  capscrews  and  lockwashers  securing  gear  oump 
main  housing. 

2.  Tap  side  of  gear  pump  with  a  plastic  hammer  to  loos 
from  dowels. 

3.  Lift  gear  pump  off  and  discard  gasket.  Fig.  501-14. 

Governor  Spring-Pack 

The  "Automotive"  or  idling  and  high  speed  mechar 
governor  is  standard  on  most  engines.  See  Section  507 
509  for  other  governors. 

1.  Remove  capscrews,  lockwashers  and  flatwashers  secu 
governor  spring-pack  cover  to  main  housing. 

2.  Lift  off  cover  and  discard  gasket.  Fig.  501-15. 

3.  Remove   snap   ring   which   holds  governor   spring   pact 
sleeve  with  a  pair  of  snap  ring  pliers. 

4.  Remove  high-speed  spring,  spring  retainer  and  shims  f 
spring-pack  housing. 

5.  Remove  idle-spring  plunger  guide,   idle  spring  or  sprii 
idle  spring  plunger,  and  spring  rest  washer.  Fig.  501-16. 

Filter  Screen  Cap 

1.  Loosen  filter  screen  cover  on  top  of  main  housing. 

2.  Lift    cap,    spring    and    filter    screen    assembly    from    n 
housing;  discard  "O"  ring.  The  screen   assembly  is  m 


. 


501-16    Removing  «pring  pack  cover 
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Fig.  501-17    Removing  filter  assembly 
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of  a  screen,  magnet  and  two  retainers.  The  bottom  re- 
ner  has  a  hole  in  center  to  permit  fuel  flow;  this  retainer 
soldered  to  the  screen.  Fig.  501-17. 

>an  magnet  before  reassembly;  it  is  soldered  to  top  re- 
"ler  and  is  designed  to  catch  particles  of  iron  which  are 
rn  or  chipped  from  pump  parts  or  enter  with  the  fuel 
>ply. 

te:  MVS  governors  and  other  special  applications  have 
;b!e  screen  arrangements.  The  upper  screen  can  not  be 
assembled. 

ssure  Regulator 

ssure  regulators  are  used  only  on  PT  (type  R)  pumps, 
i  PT  (type  G)  pump  has  a  socket  type  plug  at  this  loca- 
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Fig.  501-18    Pressure  regulator — exploded  view  F5134 


501-18    Removing  tpring  pack  aitembly 


FB10  Fig.  501-19    Removing  by-paa.  valve  ileeve 
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tion,  do  not  remove  unless  seal  is  leaking. 

1.  Remove  pressure  regulator  cap  from  pump  housing.  Slip 
"O"  ring  from  cap.  Fig.  501-18. 

2.  Remove  by-pass  valve  ring,  spring  shim,  and  by-pass  valve 
plunger  assembly.  Remove  fuel  adjusting  plunger  cap  with 
screwdriver.  Lockwasher,  fuel  adjusting  plunger,  and  fuel 


Fig.  501-20     Removing   tachometer  drive   assembly 
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adjusting  shims  may  then  be  removed  from  by-pass  valve 
plunger. 

3.  Insert  Cummins  ST-586  (without  sleeve)  in  by-pass  valve 
sleeve.  Fig.  501-19.  Pull  to  remove  sleeve.  Discard  "O" 
rings. 


Tachometer  Drive 

1.  Remove  tachometer  drive  cover  screws. 

2.  Lift  drive   cover   and   gasket  from   main   housing.   Discard 
gaskets. 

3.  Carefully  drive  tachometer  drive  assembly  from  main  hous- 
ing, using  a  brass  punch  and  hammer.  Fig.  501-20. 

4.  Remove  seal  from  shaft  and  discard. 

General 

Fuel  pump  sub-assembly  repair,  cleaning,  inspection  and 
rebuild  instructions  are  listed  in  the  following  sections. 

Worn  replacement  limits  are  given  to  help  the  mechanic 
decide  when  to  replace  parts  or  to  use  parts  that  have 
many  hours  or  miles  of  useful  life. 

However,  parts  that  are  worn  beyond  replacement  limits 
must  not  be  re-used. 

Cleaning 

A  clean  shop,  clean  tools  and  good  cleaning  practices  are 


must  be  taken  when  cleaning  aluminum  alloy  parts 
some  cleaning  solvents  will  attack  and  corrode  alur 
However,  cleaning  time  is  always  well  spent.  Mos 
pump  failures  occur  because  of  dirt.  Clean  all  parts  I 
rebuild  or  assembly. 

Inspection 

Time  spent  on  inspection  is  profitable.  It  can  save 
dollars  worth  of  parts  and  also  prevent  failure  of  t! 
built  pump. 

Too  often,  inspection  is  performed  too  lightly  or  no 
formed  at  all.  Proper  tools  are  essential  to  do  a  satisf 
job  of  inspection. 

Tools 

Using  proper  tools  has  many  advantages.  The  fuel 
consists  of  several  aluminum  parts,  which  makes  it 
but  the  parts  may  be  easily  damaged  if  the  right  tool 
used  to  perform  the  job  being  done. 

Note:  Aluminum  parts  must  be  handled  carefully. 

Service  tools  may  be  purchased  from  your  Cummin 
tributor  if  you  perform  your  own  rebuild  work. 

An  arbor  press  should  be  used  for  all  pressing  oper 
to  control  pressure  and  alignment.  Always  make  stir 
the  part  is  properly  supported  when  pressing  in  ai 
part;  the  parts  can  easily  be  damaged  beyond  repair 
properly  supported. 

Pressing  Lubricant 

A  high  pressure  lubricant  should  be  used  on  matin 
faces  in  all  pressing  or  driving  operations.  The  lut 
prevents  galling  or  scoring  during  assembly.  Be  sure 
move  all  burrs  from  mating  parts  before  pressing  tog 

Capscraws  And  Washers 

Current  fuel  pumps  are  built  with  V*"  hexagon  heat 
screws  in  place  of  the  socket  head  screws  formerly 
They  are  interchangeable. 

Capscrews  used  in  connecting  a  part  to  aluminum  i 
have  an  engaging  thread  length  two  times  the  dia 
Observance  of  this  rule  will  prevent  stripping  thread 
a  capscrew  that  is  too  short  or  breaking  a  part  from 
a  capscrew  that  is  too  long. 

Lockwashers  must  never  be  used  next  to  aluminum.  / 
use  a  flatwasher  between  the  lockwasher  and  alui 
part. 

Parts  Replacements 

Always  determine  the  need,  if  possible,  before     " 
bling   the   unit   and   then   replace   only   parts   ' 
replacing. 

Instructions  for  compl"* 
ment  are  given  in  this  i 
to  perform  all  operatior 


PT  Fuel  Pump  Group 


Fuel  Filters 


Fuel  Filters-Unit  502 


Fuel  Pump  Filter  Screen 
Disassembly  And  Inspection 


Screen  assemblies  used   in  "MVS"  governor  contain 
screen  assemblies.  The  top  screen  can  not  be  disass 
bled.  Fig.  502-2. 

a.  The  top  screen  assembly  has  a  hole  in  the  bottom  to  a 
fuel  flow.  Clean  assembly  in  fuel  oil  and  dry  with   c 
pressed  air. 

b.  The  lower  screen  assembly  has  holes  in  both  ends  and 
be  disassembled.  Clean  screen  and  retainers  in  fuel  oil 
dry  with  compressed  air. 

c.  Inspect   screens   for   breaks   or   holes    in   mesh    or   o 
damage. 

d.  Replace  worn  or  damaged  parts  with  new. 


I 


istall  lower  screen;  one  with  holes  in  each  end. 

istall  screen  retainer  and  new  "O"  ring. 

istall  upper  screen;  hole  down. 

istall  spring. 

uhricate  new  "O"  ring  and  place  on  cap. 

istall  cap  and  torque  to  25/30  ft.  Ibs. 

:uel  System  Filters 
liter  Change  Period 

i/hen  rebuilding  a  fuel  pump,  new  fuel  filter  elements 
hould  be  installed.  There-after  change  period  can  best  be 
etermined  by  measurement  of  fuel  restriction.  Connect 
T-434  Vacuum  Gauge  to  fuel  pump  using  special  adapter 
jrnished.  Fig.  502-3.  If  restriction  reads  8  to  8.5  inches 
acuum  while  engine  is  running  at  full  speed  and  load, 
hange  element  or  remedy  other  sources  of  restriction, 
i/hen  restriction  becomes  as  great  as  10  or  11  inches 
acuum  the  engine  will  loose  power. 

:  change  period  is  not  determined  by  checking  restriction 
lements  can  be  changed  as  follows: 

:hange 


the  stack  disc   (replaceable   element)   after 
DOO  gallons  fuel  consumption. 

i/hen  double  elements  of  the  standard  or  extended  life 
throw-away)  fuel  filters  are  used,  the  capacity  is  approx- 
nately  doubled. 

lot©:  Change  periods  listed  above  is  under  normal  work- 
ig  conditions  and  with  proper  storage  of  fuel. 


Replaceable  Element  Type  Filter 

1.  Remove  drain   plug   from   bottom  of  filter  case  and  drain 
contents;  install  drain  plug  and  tighten  to  5/10  ft.  Ibs. 

2.  Loosen   nut  at  top  of  fuel  filter.  Take   out  dirty  element 
clean  filter  case  and  install  a  new  element.  Fig.  502-5. 

3.  Install  a  new  gasket  in  filter  head  and  assemble  case  and 
element.  Fill  filter  case  with  clean  fuel  to   aid  in  faster 
pick-up  of  fuel  pump.  Tighten  center  bolt  to  20/25  ft  Ibs. 
with  torque  wrench. 

4.  Check  fittings  in  filter  head  for  leaks.  Fittings  should  be 
tightened  to  30/40  ft  Ibs. 


fl.  602-3      Checking  filter  restriction  with  ST-434 


Fig.  502-5      Replaceable  element  fuel  filter 


ruei  rump  Mousing 


PT 


Main  Housing 

The  drive  shaft  bushing,  throttle  sleeve,  governor  barrel 
and  spring  pack  housing  still  remain  in  the  fuel  pump  main 
housing. 

The  drive  shaft  bushing  and  governor  barrel  can  be  re- 
moved if  damaged.  The  throttle  sleeve  was  honed  to  size 
after  assembly  to  the  housing,  and  due  to  the  close  toler- 
ances must  be  returned  to  Depot  maintenance  for 

repair  or  replacements 


Drive-Shaft  Bushing 

1.  Check  drive  shaft  bushing  for  sign  of  seizure  or  burrs. 

2.  Check  drive  shaft  bushing  I.D.  with  inside  micrometers;  if 
worn  beyond  0.7525  inch  replace  bushing. 

3.  Remove  worn  bushing  using  a  gouge  chisel  or  half  inch 
pipe  tap.     After  tapping  bushing,  screw  a  half  inch  pipe 
cap  on  a  close  nipple  and  screw  the  half  inch  nipple  into 
the  bushing.     Insert  a  punch  through  the  rear  of  the  hous- 
ing and  drive  out  the  bushing. 

'    Apply  a  thin  coat  of  high  pressure  lubricant  to  a  new  front 
'  -?f  hushing;    press  bushing  into  housing  flush  with 
>    .      ..  "^or  press. 


5.  Line  ream  bushing  to  0.7495/0.7505  with  ST-490  Ream  Fix- 
ture, and  a  well  oiled  0.750  inch  (3A  inch)  reamer.  Fig.  503-1. 
Check  bushing  I.D. 


Governor  Barrel,  Plunger  And 
Spring  Pack  Housing 

Inspection 

1.  Check  governor  barrel  and  plunger  visually  for  wear. 

2.  If  worn,  replace  governor  plunger  with  a  one  or  two  class 
larger  plunger  and  lap  to  fit  with  No.  80  fine  grit  lapping 
compound.  Fig.  503-2.  Remove  all  lapping  compound  froir 
parts  (flush  thoroughly). 

Note:  Plunger  must  drop  into  barrel  of  its  own  weight 
Proper  fit  can  best  be  judged  by  comparison  with  a  new 
assembly. 


Disassembly 

1.  If  governor  barrel  is  worn  too  large  for  a  Class  7  governor 
plunger  on  PT  (type  G)  pumps 
it  will  be  necessary  to  heat  housing  in  oven  to  300° F  and 


Fia.  603-1      Roam i no  drive  shaft  buahina 


Pin     «tt.9        1  I 


ig.  503-3 


Removing  locking  clip  from  bottom  of 
fuel  pump  housing 
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Fig.  603-4      Scribe  center  line  on  governor  barrel 
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iress  out  worn  governor  barrel.  Heat  will  expand  the 
Juminum  housing  and  permit  the  steel  barrel  to  be  pressed 
iut  with  less  chance  of  damaging  housing  bore. 

Caution:  Check  through  plug  hole  in  bottom  of  PT  (type  G) 
iump  for  spring  dowel  which  secures  barrel  in  fuel  pumps 
milt  after  May  1963,  before  attempting  to  remove  governor 
iarrel.  To  pull  spring  dowel,  insert  wire  hook  into  hole 
irovided.  Fig.  503-3. 

iheck  barrel  bore  in  housing  to  determine  whether  stan- 
lard  (1.5020/1.5015  O.D.)  barrel,  .010  inch  or  .020  inch  over- 
ize  must  be  used.  Minimum  .001  inch  interference  fit  is 
equired.  Check  bore  for  score  marks,  remove  if  found. 

Assembly  And  Fitting 

"o  locate  a  new  governor  barrel  in  the  housing,  scribe  a 
:enter  line  on  barrel  and  housing,  lining  up  the  fuel  pas- 
iages  so  fuel  flow  will  not  be  restricted.  Fig.  503-4  and 
•03-5. 

Heat  housing  in  oven  to  300°F. 

2ool  barrel  in  dry  Ice  or  other  method. 

>oat  new  governor  barrel  with  STP  or  other  high  pressure 
ubricant. 

>op  spring  pack  housing  in  place. 

'lace  governor  barrel  in  housing  bore  with  chamfered  end 
irst  and  location  pin  hole  on  bottom  side,  lining  up  scribe 
narks,  then  press  barrel  in  housing  with  arbor  press  until 
t  bottoms  against  spring  pack  housing.  This  is  important 
o  align  barrel  retaining  pin  holes. 

Select  a  new  Class  2  (green  color  code)  plunger  and  at- 
empt  to  fit  it  in  barrel,  if  plunger  enters,  try  a  Class  3 
yellow).  Keep  trying  larger  sizes  until  one  will  not  enter 
>arrel,  then  select  one  two  sizes  smaller  for  use.  Plunger 
nust  drop  into  bore  of  its  own  weight.  Lapping  may  be  re- 
luired  to  obtain  desired  plunger  fit.  Use  caution  and  clean 


thoroughly  if  lapped.  See  Tables  503-1  or  503-2  for  class 
sizes  and  color  codes.  The  168630  plungers  can  be  dif- 
ferentiated from  the  169660  plungers  by  the  presence  of  a 
10  degree  chamfer  located  next  to  the  dump  groove  on  the 
plunger.  (Width  of  chamber  on  168630  series  plungers  is 
.018  in.  smaller  than  chamfer  on  169660  plungers.) 

8.  Brush    plunger    lightly   with   crocus   cloth    to    remove   any 
lubrite  crystals. 

9.  Check  plunger  fit  with  a  new  fuel  pump  assembly  as  a  fit 
comparison. 

10.  If  lapping  is  necessary,  see  Step  7  proceeding  and  Step  2 
under  "Inspection" 

11.  Install    spring    dowel    into    bottom    of    barrel    with    ST-853 
driver  with  slot  of  pin  to  front  of  housing.  Fig.  503-8. 


Fig.  503-6      Scribe  center  line  on  fuel  pump  housing 
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Tabl«  503-1:  Currant  PT  (type  G)  Governor  Plungers 

Code 
Size 
Part  No. 

Red 
0 
169660 

Blue 
1 
169661 

Green 
2 
169662 

Yellow 
3 
169663 

Brown 
4 
169664 

Black 
5 
169665 

Gray 
6 
169666 

Purple 
7 
169667 

Usage 
Standard 

:;i^ 


£*?-V 
i3!5fc-'- 


|^^^:^:."-::--     '   •-'-. 

[159320  |lg|  168630  ;•""      ,  169660  "• 


Fig.  5034      Currant  PT  (type  G)  governor  plungers 


182530     «.      ' 
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g.  503-8      Installing  spring  dowel  In  bottom  of 
fuel  pump  housing 


Fig.  503-9      Removing  torque  spring 


moir 


essary,  remove  torque  spring  (torque  spring  used  on 
pe  G)  governor  plungers  only)  by  twisting  spring  off 
ler.  Do  not  use  a  straight  pull  which  will  stretch  spring 
d  its  elastic  limit  so  it  has  to  be  replaced.  Fig.  503-9. 

ernor  plunger  O.D.  is  worn,  replace  as  an  assembly. 
3overnor  Barrel  and  Plunger." 

y  thrust  washer  is  worn,  drive  retainer  pin  from 
tr  and  pull  governor  plunger  driver  from  plunger.  Fig. 

The  chamfer  on  small  diameter  of  thrust  washer  is 
ed  as  a  relief  for  fillets  of  plunger  driver. 

necessary  to  remove  stop  sleeve,  press  stop  sleeve 
aft. 


My 

t  sleeve  was  removed,  press  stop  sleeve  on  plunger 
otched  end  going  on  plunger  first  (notches  toward 
tor  barrel).  Fig.  503-9. 

ible  plunger  driver  through  thrust  washer  and  drive 
lunger.  Driver  must  have  interference  fit  in  plunger. 

retainer  pin  through  the  plunger  and  plunger  driver. 

The  chamfered  aide  of  thrust  washer  must  be  in- 
I  next  to  driver.  There  must  be  at  least  .002  to  .005 
learance  between  washer  face  and  driver  so  washer 
loat".  Fig.  503-11. 

in:  Th»  plunger  has  n  lubrite  finish.  Protect  it  by 
Mi®  plung®r  on  a  copper  jawed  vise  or  V-block  to 
it  damag®  to  the  finish  whan  installing  pin. 

torque  spring  and  shims  as  required,  put  the  small 
f  the  spring  on  the  shoulder  end  of  the  plunger  with  a 
ig  motion  to  avoid  distorting  the  spring. 


Note:  The  torque  spring  determines  point  of  maximum 
torque  in  the  engine,  therefore,  it  is  important  to  avoid 
changing  spring  characteristics  by  careless  handling  or  as- 
sembly. 

5.  If  torque    spring    is    replaced    with    new    one,    select    from 
specification  sheets  pertinent  to  the  fuel  pump  beinq    re- 
built, see  fuel  pump  calibration  data   in   Unit  511 

and  Table  503-3  following. 

6.  One  type  of  plunger  failure  is  caused   by  excessive   heat 
from    contact   of   the   stop    collar   and    sleeve    during    long 
periods  of  overspeeding.     Plunger  stop   collars    machined 
from  glass  filled  teflon  eliminate  this  type  of  failure. 

Because  of  the  large  outside  diameter  of  the  teflon  stop 
collar  it  is  impossible  to  use  a  torque  control  spring  if  it  is 
required,  therefore,  the  teflon  stop  collar  is  to  be  used  only 
in  PTG  fuel  pumps  that  do  not  require  a  torque  control 
spring. 

Tachometer  Drive 
Disassembly 

1.  Remove  oil  seal  from  tachometer  drive  shaft. 

2.  Press  tachometer  drive  shaft  from  drive  gear  and  bushing 
if  the  gear  is  badly  worn  or  shaft  and  bushing  are  galling 
or  scoring  check  shaft  O.D.,  it  should  be  0.3100/0.3105  and 
bushing   I.D.  should   be  0.312/0.313.   Replace   if  necessary. 

Rebuild 

1.  Current  fuel  pumps  now  have  an  improved  tachometer 
drive  seal  lubrication  arrangement.  The  tachometer  drive 
bushing  has  been  revised  to  include  fuel  passage  grooves 
in  the  top,  bottom,  and  bore.  All  current  fuel  pump  hous- 
ings now  have  an  oil  passage  hole  drilled  from  the  tach- 
ometer drive  bushing  ledge  into  the  main  housing.  A  new 


3-10    Removing  governor  plunger  driver 
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Fig.  (03-11    Checking  clearance  between  wetlrar  and  driver 
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Table  503-3:  Torque  Springs 

Part 
Number 

Color 
Code 

Wire 
Diameter 

Number 
Coils 

Pounds            Inches 
Load         @    Length 

Fre« 
Len 

138768 

Red 

.044 

6.47 

3.00/3.20  @  .340 

.640 

138769 

Blue 

.044 

5.72 

3.60/3.84  @  .340 

.640 

138780 

Brown 

.044 

5.19 

4.20/4.48  @  .340 

.640 

138781 

Yellow 

.047 

5.57 

4.80/5.12  (5)  .340 

.640 

138782 

Red/Blue 

.047 

5.17 

5.40/5.76  <S>  .340 

.640 

138783 

Red/Brown 

.051 

5.87 

6.00/6.40  @  .340 

.640 

138784 

Red/Yellow 

.051 

5.52 

6.60/7.04  @  .340 

.640 

139584 

Blue/Brown 

.051 

5.22 

7.20/7.68  @  .340 

.640 

139585 

Blue/Yellow 

.051 

4.75 

7.80/0.32  @  .340 

.640 

139586 

Brown/Yellow 

.054 

5.41 

8.40/8.96  @  .340 

,640 

138785 

Red 

.044 

6.47 

2.50/2.70  @  .340 

.590 

138786 

Blue 

.044 

5.72 

3.00/3.24  @  .340 

.59C 

138787 

Brown 

.044 

5.19 

3.50/3.78  @  .340 

.59C 

138788 

Yellow 

.047 

5.57 

4.00/4.32  @  .340 

.59C 

138789 

Red/Blue 

.047 

5.17 

4.50/4.86  @  .340 

.59C 

138790 

Red/Brown 

.051 

5.87 

5.00/5.40  @  .340 

.59C 

138791 

Red/Yellow 

.051 

5.52 

5.50/5.94  @  .340 

.59( 

138792 

Blue/Brown 

.051 

5.22 

6.00/6.48  @  .340 

.59C 

139587 

Blue/Yellow 

.051 

4.75 

6.50/7.02  @  .340 

.59C 

139588 

Brown/Yellow 

.054 

5.41 

7.00/7.56  (ffi  .340 

.59C 

138793 

Red 

.044 

6.47 

2.00/2.20  @  .340 

.54( 

138794 

Blue 

.044 

5.72 

2.40/2.64  @  .340 

.54( 

138795 

Brown 

.044 

5.19 

2.80/3.08  @  .340 

.54( 

138796 

Yellow 

.047 

5.57 

3.20/3.52  @  .340 

.54( 

138797 

Red/Blue 

.047 

5.17 

3.60/3.96  @  .340 

.54( 

138798 

Red/Brown 

.051 

5.87 

4.00/4.40  @  .340 

.54C 

138799 

Red/Yellow 

.051 

5.52 

4.40/4.84  @  .340 

.54( 

138800 

Blue/Brown 

.051 

5.22 

4.80/5.28  @  .340 

.54( 

138801 

Blue/Yellow 

.051 

4.75 

5.20/5.72  @  .340 

.54( 

138802 

Brown/Yellow 

.054 

5.41 

5.60/6.16  @  .340 

.54( 

138803 

Red 

.044 

6.47 

1.50/1.70  @  .340 

.491 

138804 

Blue 

.044 

5.72 

1.80/2.04  @  .340 

.49( 

138805 

Brown 

.044 

5.19 

2.10/2.38  @  .340 

.49< 

138993 

Yellow 

.047 

5.57 

2.40/2.72  @  .340 

.49( 

138994 

Red/Blue 

.047 

5.17 

2.70/3.06  @  .340 

.491 

138995 

Red/Brown 

.051 

5.87 

3.00/3.40  @  .340 

,49( 

138996 

Red/Yellow 

051 

5.52 

3.30/3.74  @  ,340 

,49( 

138997 

Blue/Brown 

.051 

5.22 

3.60/4.08  @  .340 

.49( 

138998 

Blue/Yellow 

.051 

4.75 

3.90/4.42  @  .340 

.49( 

138999 

Brown/Yellow 

.054 

5.41 

4,20/4.76  @  .340 

.49( 

142698 

White/Brown 

.036 

6.73 

1.16/1.24  @  .350 

.64( 

142697 

White/Yellow 

.041 

7.72 

1.74/1.86  @  .350 

.64< 

142696 

White/Blue 

.041 

6.29 

2.32/2.48  @  .350 

.641 

142701 

White/Brown 

.035 

6.73 

0.96/1.04  @  .350 

.591 

142700 

White/Yellow 

.041 

7.72 

1.44/1.56  @  .350 

.591 

142699 

White/Blue 

.041 

6.29 

1.92/2.08  @  .350 

.591 

142704 

White/Brown 

.035 

6.73 

0.76/0.84  @  .350 

.541 

142703 

White/Yellow 

.041 

7.72 

1.14/1.26  @  .350 

.54! 

142702 

White/Blue 

.041 

6.29 

1.52/1.68  @  .350 

.541 

142707 

White/Brown 

.035 

6.73 

0.56/0.64  @  .350 

.491 

142706 

White/Yellow 

.041 

7.72 

0.84/0.96  @  .350 

.491 

142705 

White/Blue 

.041 

6.29 

1.12/1.28  @  .350 

.491 

142843 

White/Blue 

.041 

6.29 

3.92/4.08  @  .350 

.84i 

142844 

Red 

.044 

6.47 

4.90/5.10  @  .350 

.84 

142845 

Blue 

.047 

6.76 

5.88/6.12  <S>  .350 

.84 

142846 

Brown 

.047 

6.08 

6.86/7.14  @  .350 

.84 

'able  503-3:  Torque  Spring  (Cont) 

'art 
lumber 

Color 
Code 

Wire 
Diameter 

Number 
Coils 

Pounds            Inches 
Load         @    Length 

Free 
Length 

42850 

White/Blue 

.041 

6.29 

3.52/3.68  @  .350 

.790/.810 

42851 

Red 

.044 

6.47 

4.40/4.60  @  .350 

.790/.810 

42852 

Blue 

.047 

6.76 

5.28/5.52  @  .350 

.790/.810 

42853 

Brown 

.047 

6.08 

6.16/6.44  @  .350 

.790/.810 

42854 

Yellow 

.047 

5.57 

7.04/7.36  @  .350 

.790/.810 

42855 

Red/Blue 

.051 

6.30 

7.92/8.28  @  .350 

.790/.810 

42857 

White/Blue 

.041 

6.29 

3.12/3.28  @  .350 

.740/.760 

42858 

Red 

.044 

6.47 

3.90/4.10  @  .350 

.740/.760 

42859 

Blue 

.047 

6.76 

4.68/4.92  @  .350 

.740/.760 

42860 

Brown 

.047 

6.08 

5.46/5.74  @  .350 

.740/.760 

42861 

Yellow 

.047 

5.57 

6.24/6.56  @  .350 

.740/.760 

42862 

Red/Blue 

.051 

6.30 

7.02/7.38  @  .350 

.740/.760 

42863 

Red/Brown 

.051 

5.87 

7.80/8.20  @  .350 

.740/.760 

42864 

White/Blue 

.041 

6.29 

2.72/2.88  @  .350 

.690/.710 

42865 

Red 

.044 

5.47 

3.40/3.60  @  .350 

.690/.710 

42866 

Blue 

.047 

6.76 

4.08/4.32  @  .350 

.690/.710 

42867 

Brown 

.047 

6.08 

4.76/5.04  @  .350 

.690/.710 

42868 

Yellow 

.047 

5.57 

5.44/5.76  @  .350 

.690/.710 

42869 

Red/Blue 

.051 

6.30 

6.12/6.48  @  .350 

.690/.710 

42870 

Red/Brown 

.051 

5.87 

6.80/7.20  @  .350 

.690/.710 

1  DRIVE  SEAL 

2  NEW  DRIVE   SEAL  SPACER 

3  REVISED  DRIVE   BUSHING 

4  DRIVE  GEAR 

5  7/64  ORIUEO  HOU 


503-12.    Tachometer  drive   parts 
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tachometer  seal  spacer  has  been  added  between  the  drive 
bushing  and  the  seal  to  provide  fuel  passage  clearance. 
This  increased  lubrication  arrangement  has  greatly  im- 
proved tachometer  drive  seal  service  life. 

2.  These  improvements  can   be   utilized   as  a  field   fix  when 
tachometer   drive    leakage    is    encountered    by    drilling    a 
%4"  oil  passage  hole  in  the  fuel  pump  housing,  or  replac- 
ing it  with  a  current  drilled  housing,  and  by  using  a  new 
spacer  and  revised  bushing.  Fig.  503-12.' 

3.  Drill  oil  passage  as   shown   and   remove   all   burrs   with   a 
burr  knife.  Use  an  old  or  used  bushing  as  a  locator.  Re- 
move  the    bushing    from    the    housing    before    assembling 
drive. 

Assembly 

1.  Place  bronze  bushing  on  tachometer  shaft  with  chamfered 
end  of  bushing  toward  gear  end.  Press  gear  onto  shaft  un- 
til flush  with  end  of  shaft.  Fig.  503-13.  Check  to  see  that 
shaft  turns  freely  in  bushing. 

Note:  Check  gear  to  make  sure  it  matches  with  tachometer 
drive  gear. 

2.  Install  the  drive  assembly  in  the  fuel  pump  housing,  push- 
ing down  until  it  bottoms. 

3.  Place  the  new  189638  spacer  on  top  of  the  drive  bushing 
with  the  slotted  edge  down  against  the  bushing. 

4.  Install  a  new  drive  seal  and  press  it  down  until  it  bottoms 
on  the  spacer.  Fig.  503-12. 

Caution:  Do  not  overpress.  The  spacer  can  be  flattened, 
eliminating  its  effectiveness. 


g.   503-13.    Pressing  tachometer  gear  on   shaft 
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Gear  Pump  and  Pulsation  Damper 


PT  Fuel  Pump  Group 


The  gear  pump  draws  fuel  from  the  tank  through  i 
and  supplies  the  fuel  to  the  fuel  pump.  Fuel  at  a 
pressure  is  then  routed  to  the  injectors. 


Gear  Pump  and  Pulsation  Damper— Unit  504 


Gear  Pump 


PT  (type  G)  fuel  pumps  currently  have  gear  pumps  with 
hollow  idle  shafts  and  the  gear  pump  cover  is  drilled  for 
cooling  as  described  under  "Gear  Pump"  Page  5-1-1. 

Note:  Special  C.I.T.E.  fuel  gear  pumps  will  have  the  BM 
or  AR  number  stamped  on  the  side  of  the  gear  pump. 

Caution:  Engines  with  integral  cooling  gear  pumps  (Fig. 
504-2)  must  not  be  run  with  the  fuel  bleed  hole  plugged. 

Disassembly 

1.  Remove  capscrews  securing  gear  cover  to  gear  body. 

2.  Install  two  long  capscrews  in  cover  and  drive  against  cap- 
screw  heads  to  remove  gear  cover  from  dowels  in  gear 
body.  Discard  gasket. 

3.  Lift  drive   and   driven  gears  and   shafts  from  gear   pump 
body. 

4.  Pull  any  damaged  needle  bearings,  when  used,  with  ST-544 
Puller.  Fig.  504-1. 


Cleaning  And  Inspection 

Check  pump  shafts  for  wear  or  scoring;  discard^ 
aged.  Replace  shaft  if  worn  smaller  than  0.4998/0.5C 
diameter. 


2.  Check  gear  width.  See  Table  504-1.  If  gears  are  sc 
worn  badly,  the  gears  must  be  replaced.  Fig.  504-I 


3.  Check  gear  body  and  cover  for  scoring  or  wear, 
parts   as   needed.   Check   gear  pocket   depth.   Se< 
504-1,  Fig.  504-4. 


Shaft  bore  in  cover  and  body  should  be  0.5013/0.50 
I.D.  in  Jis"  and  V<",  and  0.5015/0.5018  inch  I.D.  in 
1'A"  in  current  cast  iron  bearing  gear  pumps.  If  ge 
removed  from  shaft  press  gears  on  shaft  0.680/0.6! 
from  body  end  of  shaft.  Oil  shaft  before  assembly 
gears  on  shaft,  chamfered  side  last.  The  .005/.010 
break  on  the  teeth  is  on  the  same  side  of  the  gear 
15°  chamfer.  This  break  must  be  toward  the  gear  pc 
the  gear  housing. 


Pin.   BfU.9       (immr  numn  with   intaaral   coollna 


Checking  gear  width 
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Fig.  M4-4      Check  gear  pocket  depth 


ble  504-1:  Gear  Width  And  Pocket  Depth  —  Inch 

Goar  Gear  Pocket 

Width  Depth 

0.4360/0.4363  0.4353/0.4356 

0.7483/0.7486  0.7478/0.7483 

09980/0.9983  0.9980/0.9983 

'1.2479/1.2486  1.2482/1.2485 


eck  lubrication  holes  in  cover  and  body;  they  must  be 

ian. 

san  cooling  kit  components,  if  used,  and  dry  with  com- 
jssed  air, 

>te:  If  shaft  bore  is  scored  Vi  of  circumference  or  more 
cover  or  body,  scrap  part.  If  scored  less  than  'A  clean 
and  reuse  part  in  current  bearirtgless  gear  pump. 


Caution:  If  pump  binds  or  has  excessive  play,  check  for 
error  in  assembly  which  must  be  corrected  to  prevent 
early  pump  failure. 

5.  If  cooling  feature  is  used,  install  elbow  and/or  check  valve. 

6.  See         Unit    511  for   gear   pump 
suction  test  as  applied  during  pump  calibration  adjustments. 


Pulsation  Damper 
Disassembly 

1.  Remove  mounting  capscrews,  flatwashers  and  lockwashers, 
and  separate  the  housing  from  the  cover. 

2.  Remove  the  spring  steel  diaphragm,  nylon  washer  and  "O" 
rings.  Discard  "O"  rings  and  nylon  washer. 


s«mbly 

ess  in  new  needle  bearings,  if  used,  with  ST-545  Mandrel 
obtain  proper  location.  Slide  needle  bearing  on  mandrel 
d  press  bearing  into  housing  until  mandrel  hits  stop. 

bricate  and  slide  shafts  and  gears  into  cover.  Make  sure 
rts  are  clean. 

sition  new  gasket  and  install  body  to  cover.  Align  locat- 
j  notches  together.  Fig.  504-5. 

ite:  Location  of  notches  determines  pump  rotation. 

icure  cover  and  body  with  dowels,  capscrews  and  lock- 
ishers.  Tighten  capscrews  to  13/17  foot  pounds.  Fig.  604- 
Check  to  see  that  pump  turns  freely  with  finger  pressure. 

»t«:  Total  gear  backlash  must  be  0.001/0.004  inch.  The 
ve  shaft  must  protrude  2.370/2.412  inch  from  the  body, 
d  clearance  should  not  exceed  0.0015  inch  nor  be  less 
in  0.0009  inch. 


Fig.  604-5      Locating  notch** 


Gear  Pump  and  Pulsation  Damper 


Fig.  504-6      Torquing  gear  pump  capscrews 
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Cleaning  And  Inspection 

1.  Clean  the  housing,  cover  and  diaphragm  in  solvent,  which 
is  not  harmful  to  aluminum. 

Note:  Diaphragm  must  be  kept  clean  prior  to  assembly. 

2.  Check  for  corrosion,  excessive  wear  or  cracks  in  cover  or 
diaphragm.  Fig.  504-7. 

Assembly 

1.  Install  new  "O"  rings  in  grooves  and  new  nylon  washer. 

2.  Coat  the  diaphragm  with  a  good  grade  of  10  W  or  20  W  oil 
and  lay  in  cover. 

3.  Assemble  cover  to  housing;  secure  with  flatwashers,  lock- 
washers  and  capscrews.  Torque  capscrews  to  8  ft.  Ib. 


SEAL 


'0'    RING 


RIN6 


PLATE 


BODY 


DIAPHRAGM 

NYLON    WASHER 


PT  Fuel  Pump  Group 


The  shutdown  valve  contro 

flow  of  fuel  from  the  pump  to  the  injectors.  The  electr 
valve  is  equipped  with  a  knob  which  will  open  the  valv 
in  case  of  electrical  power  failure,  keep  in  counterclocl 
wise  position  to  operate  electrically. 


Shut-down  Valves— Unit  505 


Electric  Shut-Down  Valve 

The  electric  shut-down  valve  is  held  open  while  current  is 
flowing  through  the  electric  coil,  or  solenoid.  When  current 
is  not  flowing  valve  will  shut  unless  the  shut-down  valve  is 
locked  open  manually. 

Disassembly 

1.  Remove  screws  and  lockwashers  securing  coil  housing  to 
valve  housing.  Fig.  505-1. 

2.  Remove  coil  housing,  fuel  shield  and  "0"  ring.  Discard  "O" 
ring. 

3.  Remove  spring  washer  and  plate-type  valve. 

4.  If  necessary,  remove  manual   override  knob,  and   unscrew 
override  shaft  from  coil  end.   Discard  shaft  "O"  ring.  See 
Fig.  505-2. 

Cleaning  And  Inspection 

1.  Clean  all  parts  except  the  coil  assembly  in  mineral  spirits. 


Note:  Do  not  wet  the  coil  with  solvent;   instead,  wipe 
clean  with  a  lint  free  cloth. 

2.  Visually  check  valve  and  valve  seat  for  wear,  bonding  fa 
ure  or  corrosion.  Replace  if  necessary.  Valve  seat  shou 
have  a  minimum  seat  0.015  inch  wide.  Fig.  505-3. 

3.  Check  coil  assembly  with  an  Ohm  meter,  replace  if  belc 
values  given  in  Table  505-1. 

Caution:  Be  sure  that  starting  switch  is  in  off  position  whi 
checking  coil. 


4.  The  following  tabulation  lists  the 
coil  assemblies  and  coil  resistances. 


solenoid  valvi 


Assembly 

1.  If  removed,  install  a  new  "O"  ring  on  override  shaft  ar 
coat  with  lubricant.  Fig.  505-4. 


* 

Table  505-1: 

Coii  Resistances 

Coil 
Part  No. 

Coil 
Resistant 
(Ohms) 

134072 
•134073 

12  V.D.C.  Single  Terminal 
6  V.D.C.  Singlp  Terminal 

7.5  ±  0.5 
t  P7  •<-  n  1 

134074 

24  V.D.C.  Single  Terminal 

30  •+•  2 

Fig.  505-1       Removing  screw  from  shutdown  valve 


F527 


UUNNtU  I  IUR 


KNOB 


HOUSING 


SEALING     RING 


Fig.  505-2      Electric  shut-down  volve — exploded  view 
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Screw  shaft  into  housing  until  it  reaches  bottom  of  its  bore. 
Use  depth  micrometer  set  at  0.118  inch  and  check  distance 
from  face  of  value  housing  to  tip  of  shaft.  If  necessary 
screw  shaft  out  until  it  is  0,118  inch  below  housing  face. 
Press  on  knob  until  it  contacts  valve  housing,  thus  it  will 
act  as  a  stop.  Fig.  505-5. 

Seat  valve  into  valve  housing. 

Apply  lubricant  to  housing  "O"  ring  and  seat  in  groove. 

Drop  spring  washer  on  valve  with   concave   side   up    and 


piloted  around  valve  bore.  Fig.  505-6. 

6.  Place  fuel  shield  on  coil  housing  and  secure  to  valve  hous- 
ing assembly  with  screws  and  lockwashers.  Tighten  screws 
to  15/20  inch-pound  torque. 

7.  Energize  valve  and  pump  fluid  through  valve  at  300  psi. 
De-energize  valve  and  valve  should  withstand  the  300  psi 
load  with  no  leakage  through  valve. 

8.  Should   leakage  exist,  check  the  main  body  for  nicks  or 
depressions  where  body  and  plate  come  in  contact.  Check 
the  rubber  seal  in  the  plate  for  swelling  or  other  defects. 


Fig.  505-3       Inspecting  "plate  type"  vulva 
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Fig.  505-4      Installing  ov»"''de  shaft 
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Fig.  505-5      Checking  shaft  tip  depth 


F530  Fig.  505-6      Assembling  shut-down  valvo 


PT  Fuel  Pump  Group 


Front  cover  assemblies  consist  of  the  cover,  main  shaft 

'bearing,    and   the    governor   weight   carrier    assembly. 

cover  may  be  flange   mounted  to   the   compressor   or 

pump  drive,  or  the  pump  bracket  mounted  to  the  ontjii 


Front  Cover  Assembly—Unit  506 


Front  Or  Drive  Cover 
Disassembly  And  Inspection 

1.  Check  governor  weight  carrier  shaft  in  its  bushing  before 
removal. 

2.  Excessive  wear  can  be  felt  by  moving  shaft  from  side  to 
side  in  the  bushing. 

3.  Observe   excessive   lash   between   weight  shaft  gear   and 
drive  gear. 

Note:    Remove    weight    assist    plunger    if    not    previously 
removed. 

4.  To  remove  governor  weight   carrier  assembly  from   drive 
cover,  heat  housing  in  hot  water  and  use  ST-709  Puller  to 
pull  weight  shaft  assembly  and  bushing  from  front  cover. 
Fig.  506-1.  The  bushing  is  locked  on  shaft  with  a  snap  ring 
and  will  usually  come  out  of  cover  with  weight  shaft  as- 
sembly; however,  if  snap  ring  pulls  off  shaft  leaving  bush- 
ing in  front  cover,  use  an  internal  engaging  puller  of  ST-709 
to  pull  bushing. 

5.  Remove  fuel  pump  drive  coupling  retainer  capscrew   and 
washers. 

6.  Remove  large  snap  ring  from  pump  end  of  drive  shaft  be- 
tween drive  cover  and  drive  gear.  Fig.  506-2. 


7.  Install  a  longer  capscrew  in  place  of  drive  coupling  n 
er  capscrew;  press  on  capscrew  to  pross  drive  gear  as 
bly  from  front  cover.  Fiq.  506-3. 

8.  Press  drive  shaft  oil  seals  from  drive  covor. 

9.  Governor  assembly  can  be  disassembled  to  change 
weights  and  bushing.  The  governor  cnrrior   and   shnfl 
only  be  replaced  as  an  assembly.  If  shaft  is  0.3fln/0.:i92 
O.D.  or  smaller  and  requires  replacement,  wo  rocorni 
use  of  0.515/0.519  inch  O.D.  shaft  and  carrier  assembly 
new  bushing  as  replacement  parts.  Fig.  506-4. 

Caution:  Governor  weights  can  only  be  replaced  in  pa 
maintain  balance. 

Governor  Weight  Carrier 

1.  If  governor  gear,  shaft,  weights  or  weight  onrrior  ace  < 
aged,  press  gear  from  shaft.  Fig.  50G-5. 

a.  If   weights   or   pins    arc   worn,   romovo    and    rcplaco    u 
weights  in  pairs  and  new  pins.  Gaiign  pin  and  weight 
wear  by  comparing  with   now  assembly.   Install   now  II 
washers  on  both  sides  of  weights  when  positioned  in 
rier.  Peen  the  ends  of  pins  with  ST-425. 

b.  Make  sure  pins  are  peenod  securely  so  shafts  do  not 
on  pins.  Teeth  on  pinned  shaft  must  bo  firmly  imlx'tln 
walls.  Washers  must  spin  freely. 


Fig.  506-1       Using  ST-709  to  pull  weight  shift  assembly 
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Fig.  506-2      Removing  snap  ring  (torn  groove 


Fig.  506-3      Press  drive  gear  assembly  from  front  cover 
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Fig.  506-5      Removing  gear  from  weight  carrier 
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If  removed,  press  on  gear.  Do  not  press  against  weights 
as  weight  pins  may  be  damaged.  Press  against  end  of  the 
carrier  shaft. 

The  rough  beveled  edge  of  gear  goes  toward  carrier 
weight  and  the  smooth  side  goes  toward  the  bushing. 

Slip  governor  carrier  bushing  on  the  carrier  shaft  with 
flanged  end  of  bushing  next  to  gear  and  secure  bushing 
with  snap  ring. 

Welded  Governor  Weight  Carrier  Pins 

Welded  governor  weight  carrier  assemblies  are  now  avail- 
able. The  weight  carrier  pins  and  weight  carrier  shafts 
have  been  replaced  with  'A  inch  diameter  hardened  weight 
carrier  pins,  welded  to  the  wall  of  the  carrier  housing. 
Welding  this  assembly  provides  a  stronger,  more  reliable 
part  than  the  previously  used  swaged  pin  typo.  These  pins 
can  not  be  replaced.  Fig.  506-6. 


ED  PINS 


WAGED  PINS 


Fig.  506-6    Welded  and  swaged  governor  carrier  weigh!  pins  F5207 
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Fig.  506-4      Governor  carrier  weight  assembly — exploded  view  F5145  Fig.  506-7     Press  tachometer  drive  gear  and  governor  drive  gear       F5146 


Front  Cover  Assembly 


Fig.  506-B     Pressing    drive   bearing   on   shall 
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Fig.  506-10     Installing   drive   cover  oil  snal 


Drive  Shaft 
Disassembly 

1.  Press  tachometer  drive  gear  and  governor  drive  gear  from 
drive  shaft.  Fig.  506-7. 

Note:  Press  away  from  bearing  because  shaft  has  a  shoul- 
der under  bearing. 

2.  Press  drive  bearing  from  shaft  only  if  bearing  is  rough  or 
shaft  has  worn  grooves. 

Assembly 

1.  If  bearing  or  shaft  is   replaced   new,   Lubriplate  shaft  and 
press   bearing    over   shaft,    pressing   against   inner    race   of 
hearing.     Fig.  506-8. 

2.  Press  governor  drive  gear  to  drive  shaft  bearing  over  shaft. 


3.  Lubricate  shaft  and  bore  before  pressing  tachomet 
gear  on  shaft  and  against  governor  drive  gear.  Fig. 

Note:  Check  gear  to  make  sure  it  matches  with  tacl 
gear  to  give  proper  rotation  see  Page  5-3-4.     Fig. 

4.  Check  to  see  if  parts  are  firmly  seated. 

5.  Insert  snap  ring  between  ball  bearing  and  govcrm 
gear. 

Drive  Cover 
Assembly 

1.  Clean  all  parts  thoroughly  with  mineral  spirits  or  eqi 

2.  Press  first  oil  seal  into  drive  cover  with  lip  toward 
of  pump,  and  press  second  oil  seal  into  drive  co\ 
sealing    lip   toward    inside   of   fuel    pump.     Seals    n 
spaced  so  the  "telltale"  hole  is  not  covered.     Fig. 


Fia.  506-9     Pressina  tachometer  ooar  on  drive  shall 
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Fid.  506-11     Assemble  ST--110  oil  seal  tool  over  .,unn  sh.ifi 


Front  Cover  Assembly 


Securing  snnp  ring   in   groove 
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Fig.  506-14     Measuring   assist   plunger   protrusion 
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ST-419  Assembly  Tool  and  install  tool  over  main 
g.  506-11.  Press  main  shaft  assembly  into  front 
d  through  seals.  Secure  snap  ring  in  cover 
Fig.  506-12. 

t  and  press  coupling  into  position  on  drive  shaft. 
H  and  straight. 

tainer  flatwasher,  lockwasher  and  capscrew  to 
tighten  in  place.  Hold  coupling  or  main  shaft  in  a 
.wed  vise  while  tightening. 

1  cover  in  boiling  water  for  1Va  to  2  minutes.  Coat 
•carrier  bushing  with  Lubriplate,  and  press  as- 
ito  front  cover.  Mesh  gears  to  avoid  damage  to 
e  bushing  shoulder  must  seat  against  housing, 
sight  assembly  to  be  sure  it  will  turn  completely  in 
If  weight  assembly  will  not  rotate  it  may  be  neces- 
rind  the  housing  so  the  weights  will  rotate  freely. 


Caution:  Do  not  press  against  weights.  Press  against  center 
of  weight  carrier  shaft. 

7.  Install  shims,  spring,  and  governor  assist  plunger  between 
governor  weight  and  into  bore  of  governor  weight  carrier 
shaft.     Fig.  506-13. 

Caution:  Always  check  and  assemble  weight  assist  plunger 
with  smallest  end  of  plunger  to  weights.  This  will  prevent 
weights  from  sticking.  Governor  assist  plunger  is  used  only 
on  PT  (type  G)  fuel  pumps. 

8.  Use  enough  shims  back  of  spring  to  make  governor  assist 
plunger  protrude  above  gasket  face  of  front  cover.  Gauge 
protrusion  with  a  dial  depth  gauge  having  a  base  approxi- 
mately 4  inches  long. 

Note:  Refer  to  calibration  data  Bulletin  No.  983525  and 
983533  for  weight  assist  protrusion  pertinent  to  pump  being 
rebuilt. 

a.  Place  one  leg  of  the  depth  mike  base  of  pedestal  across 
the    carrier   walls    and    measure   down    to    the    front   cover 
gasket  surface  (no  gasket).     Fig.  506-14.     Move  the  depth 
mike  to  the  opposite  side  of  the  carrier  and  again  measure 
to  the  front  cover  gasket  surface  directly  across  the  cover 
from   the   previous    measurement   (do    not  turn    carrier  or 
cover).  Average  these  two  measurements.  This  procedure 
is  necessary  to  eliminate  any  possible  influence  of  uneven 
carrier  wall  heights. 

b.  Position  the  depth   mike  across  the  carrier  directly  over 
the  weight  assist  plunger.  Measure  down  to  the  plunger.  Do 
not  depress  spring. 

c.  Subtract  "B"  from  the  average  determined  under  "A".  The 
result  is  the  weight  assist  protrusion.  If  weight  assist  pro- 
trusion is  below  specifications,  (see  Fuel  Pump  Calibration 
Data)  add  shims.  If  the  weight  assist  protrusion  is  above 
specifications,  remove  shims  or  grind  the  exposed  end  of 
the  weight  assist  plunger  (grind  only  if  no  shims  are  being 


PT  Fuel  Pump  Group 


The  governor  spring  pack  consists  of  the  idle  and  max 
or  high-speed  springs,  plungers,  adjusting  screw  and  5 
The  springs  control  engine  speed  and  adjustment; 
made  by  the  shims  or  adjusting  screw. 


Governor  Spring  Pack— Unit  507 


Standard  Automotive  Spring  Pack 
Disassembly 

The   "Automotive"   or   idling    and   high    speed    mechanical 
governor  is  standard  on  most  engines.  Fig.  507-1. 

1.  Remove  capscrews,  lockwashers  and  flatwashers  securing 
governor  spring-pack  cover  to  main  housing. 

2.  Lift  off  cover  and  discard  gasket.  Fig.  507-2. 

3.  Remove  snap   ring   which    holds  governor  spring   pack    in 
sleeve  with  a  pair  of  snap  ring  pliers. 

4.  Remove  high-speed  spring,  spring  retainer  and  shims  from 
spring-pack  housing. 

5.  Remove  idle-spring  plunger  guide,  idle  spring  or  springs, 
idle  spring  plunger,  and  spring  rest  washer.  Fig.  507-3. 

Assembly 

1.  PT  (type  G)  Fuel  Pump:  Assemble  screw  into  plunger 
guide,  place  small  copper  washer  over  screw  point  inside 
plunger  guide.  Fig.  507-4.  Place  small  idle  spring  into 
plunger  guide  and  place  idle  plunger  (button)  against  spring 
in  plunger  guide.  Fig.  507-5. 

Note:  A  new  improved  idle  plunger  is  now  being  used. 
When  assembling  governor  spring  pack  the  new  plunger 
should  be  used.  Fig.  507-6.  The  size  of  this  counterbore 
changes  with  different  engine  models.  See  pump  calibra- 
tion data  for  correct  plunger  to  use.  The  plunger  controls 


maximum  fuel  pressure  produced  by  the  fuel  pump. 

PT  (type  R)  Fuel  Pump:  Assemble  screw  into  plunger  i 
place  small  washer  over  screw  point  and  place  botl 
springs  into  plunger  guide  and  place  idle  spring  pi 
over  idle  springs  inside  guide  plunger.  This  idle  : 
plunger  is  not  counterbored. 

2.  Place  the  maximum-speed  spring  Table  507-4  over  th 
of  plunger  guide  and  place  shim  against  spring,  inst 
tainer    and    snap    ring    securing    assembly    into    go 
sleeve.  Fig.  507-7. 

Hole:  There  are  different  maximum-speed  springs  av; 
and  each  is  identified  by  color  stripes.  See  tabulatic 
section. 

Note:  Shims  are  available  in  .005,  .007,  .010  and  .021 
thickness.  The  final  number  of  shims  must  be  deter, 
during  fuel  pump  calibration.  See  Unit  ^ili 

i  on  calibration. 

3.  Install  the  spring-pack  cover  and  gasket.     Install  caps 
and  washers  securing  cover  to  housing. 

4.  Install  lockwire,  twist  up  tight  and  snap  seal  over  loc 

Mechanical  Variable  Speed  Governor  PT  (typ 

The  Mechanical  Variable  Speed  (MVS)  governor  is  rr 
ed  on  top  the  fuel  pump  housing  over  filter  scree 
sembly,  shut  down  valve  assembly  and  prime  plug  loci 
on  an  Automotive  PT  (type  G)  fuel  pump.  See  Fig.  ! 


ADJUSTING     SCREW 
GUIDE     AND     CUP  /  COVER 


WASHER 
IDLE     SPRING 

ADAPTER 


IDLE    SPRING 
PLUNGER 


SHIM 
HI -SPEED    SPRING 


Fifl.  507-1       Automotive  governor — exploded  view 
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ig.  607-2      Removing  spring  pack  cover 


F509  Fig.  507-5      Installing  governor  plunger 
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'ig.  507-3      Removing  spring  pack  assembly 


F510  Fig.  607-6      Governor  idle  plungers 
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:ig.  &07-4      Installing  washer  OVL 


F5&8  Fig.  607-7      Installing  opting  pack  snap  ring 
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ri    ruei  rumps 
Governor  Spring  Pack 


Disassembly 

1.  Remove  filter  screen  assembly  which   is  made  up   of  cap, 
"O"  ring,  spring,  upper  screen  retainer,  retainer  "O"   ring 
and  lower  screen. 

2.  Remove  capscrews  and  washers  securing  MVS  governor  to 
main  housing.     Lift  off  governor  and  discard  "O"  rings. 

3.  Screw  adapter  from  top  of  main  housing  if  damaged. 

4.  Remove  capscrcws,  lockwashers  and  flatwashers  securing 
cover   to    governor    housing.     Lift    off    cover    and    discard 
gasket. 

5.  Remove  cover  to  housing  plate.     Discard  "O"  ring. 

6.  Remove  high  speed  spring,  plunger  and  shims. 

7.  Remove  snap  ring  from  plunger  housing. 

8.  Remove  shim  (or  shims)  from  plunger  housing. 

9.  Remove   spring    retainer,    idler   spring   and   spring    plunger. 

10.  Remove  small  snap  ring  and  small  plunger. 

11.  Remove  set  screw  securing  governor  stop  on  throttle  shaft. 
Pull  throttle  shaft  from  cover  and  discard  "O"  rings. 

Governor  Barrel  Replacement 

1.  The  aluminum  housing  should  be  lightly  scribed  as  shown 
in  Fig.  507-9.  This  will  facilitate  alignment  of  the  fuel  vent 
hole  of  the  housing  and  the  vent  hole  in  the  new  barrel  to 
be  installed. 


2.  Remove  the  '/«  in.  N.P.T.F.  pipe  plug  from  opposite  on 
housing  so   a  .339  inch  diameter   rod   may    bo    inseitc< 
press   out  the   governor  barrel.     Heat   housing    and    b. 
assembly  in  boiling  water  for  1'/j-2  minutes  or  in  an  ove 
325-350  'F.     Press  barrel  from  housing. 

3.  After  removing  the  governor  barrel,  the  aluminum  govc 
barrel  housing  bore  should  be  visually  inspected  for  en 
pits,  scores,  or  other  defects.     In  the  event  such   clef 
are  found,  the  housing  should  be  discarded. 

4.  Scribe  the  new  replacement  governor  barrel   as  show 
Fig.  507-9.     Scribe  line  should  pass  through  the  cenU 
plunger  bore  and  the  center  of  tlvj  Vi  in.  diameter  fuel 
hole. 

5.  Heat  the  aluminum  housing   in  boiling   water   or  in   a 
350;:F.  over. 


6.  Coat  the  outside  diameter  of  the  barrel  with 
similar  lubricant. 


'STP" 


7.  Press  the  barrel  into  the  housing  with  scribed  marks  al 
ed.  Scribe  marks  must  align  with  .040  inch  to  assure 
dexing  of  the  vent  holes. 

Note:  When  installing  the  governor  barrel  into  the  he* 
housing,  the  pressure  applied  to  governor  barrel  should 
be  released  for  15-20  seconds  after  the  governor  barre 
pressed  into  the  housing.  Tests  have  indicated  that 
continued  pressure  is  necessary  to  make  certain  the  en 
ing  flat  face  of  the  governor  barrel  maintains  contact  ' 
the  housing  when  both  the  housing  and  barrel  have  coo 
There  is  a  tendency  for  the  governor  barrel  to  "pup  < 
approximately  .010-. 030  inch  out  of  the  heated  alumii 
housing. 


LEVERi 


CAP 
SEAL 
SPRING 
SCREEN 

RING 


ADJUSTING 
NUT 


WASHER 


NUT 
WASHER 

SET    SCREW- 


THROTTLE   SHAFT 
HOUSING 

SHIM 

SNAP   RING 

0'   RING 

T0p          /SPRING 
Slur         'RETAINER 


'0' 

RETAINER 
SCREEN    AND 


HOUSING 


CAP 


GOVERNOR 
SPRING 
PLUNGER^ 


COVER 

GASKET 
ADAPTER    PLATE 

'0'    RING 

SHIM 


IDLI   SPRING 

SNAP    RIN'G 

SHIM  /    GOVERNOR 

PLUNGER 

'0'    RING- 
SEALING 


HOUSING - 


SCRIBE  MARK 


:ig.  GQ7-9.    Sciibe   batrol   and   housing   for  alignmonl 


F5209 


Fig.  507-12     PT  (type  G)  MVS  governor  plunger  and  barrel 


F5151 


Oversize  MVS  governor  plungers  released  for  service  re- 
placement only  and  the  current  MVS  governor  plungers 
which  are  applicable  for  production  or  service  are  indi- 
cated in  table  507-1. 

It  must  be  noted  that  the  current  governor  barrel  used  for 
production  service  can  be  differentiated  from  the  old,  no 
longer  current,  governor  barrel  by  examining  the  flat  sur- 
face that  is  exposed  when  the  barrel  has  only  one  small 


CURRENT 

ig.  507-10.     MVS.  Governor  barrel 


OBSOLETE 


F5208 


vent  hole  adjacent  to  the  larger  governor  plunger  hole, 
whereas  the  obsolete  barrel  has  two  vent  holes  adjacent 
to  the  governor  plunger  hole.  When  these  obsolete  barrels 
are  encountered,  they  should  be  discarded.  The  current 
barrel  is  machined  from  harder  material  and  will  provide 
more  satisfactory  service  life.  Fig.  507-10. 

Cleaning  And  Inspection 

Replace  shaft  bushing  if  worn  beyond  "O"  ring  sealing 
:apability.  Bushing  I.D.  should  be  0.560/0.561  after  as- 
sembly 


1  54460 


1 54461 


2.  Wash  parts  in  a  solvent  that  is  not  harmful  to  aluminum. 

3.  Inspect  parts  for  scoring,  pitting  and  wear. 

4.  Check  plunger  to   barrel  clearance.     It  should   be  0.0001/ 
0.0005  inch.     Oversize  plungers  are  available.     See  Table 
507-1  below.     Fig.  507-11. 


Table  507-1: 

Governor 

Plungers 

Part 
Number 

Class 
Size 

Diameter 
Inches 

Color 
Code 

154460 
154463 
168906 
168907 
154461 
154462 
168908 
168909 

0 
1 
2 
3 
0 
1 
2 
3 

0.31140/0.31159 
0.31160/0.31179 
0.31220/0.31239 
0.31250/0.31269 
0.31140/0.31159 
0.31160/0.31179 
0.31220/0.31239 
0.31250/0.31269 

Red 
Blue 
Green 
Yellow 
Red 
Blue 
Green 
Yellow 

3.  507-11      MVS  governor  plungers 


FS1SO 


Note:  Color  code  is  marked  on  end  of  plungers.  Barrel 
size  is  etched  on  end  of  barrel.  Fig.  507-12. 

Assembly 

1.  Install   snap   ring   on   plunger  and   insert  plunger  in   main 
housing.  Plunger  must  drop  freely  of  own  weight  into  barrel. 

Note:  If  fitting  oversize  plunger  to  worn  barrel  or  if  new 
plunger  does  not  drop  freely  into  new  barrel  it  will  be 
necessary  to  lap  the  plunger  to  the  barrel.  Do  not  over  do 
this  operation.  To  much  clearance  increases  throttle  leak- 
age and  results  in  slow  deceleration. 

2.  Install  new  "O"  rings  on  throttle  shaft  and  insert  shaft  in 
cover  through  throttle  stop  and  secure  stop  with  set  screw. 

3.  Slide  plunger  housing  into  plate  and  place  assembly  up 
against  the  governor  barrel.  If  housing  is  loose  in  plate, 
add  shims  between  housing  and  governor  barrel  until  hous- 
ing is  tight  and  plate  is  spaced  .003/.006  inch  from  barrel 
and  sleeve  assembly.  Retain  remainder  of  shims  until  later 
in  calibration. 

4.  Install  large  snap  ring  in  groove  inside  plunger  housing. 

5.  Install  0.030  inch  of  shims  into  housing  from  flange  end  so 
they  seat  on  snap  ring. 


Note:  Too  few  shims  will  result  in  stalling  or  too  little 
throttle  leakage.  Too  many  shims  will  cause  slow  decelera- 
tion or  excessive  throttle  leakage;  therefore,  the  number  of 
shims  may  vary  from  the  0.030  total  specified  after  engine 
is  started,  although  experience  indicates  0.030  is  correct  in 
most  cases. 

6.  Slide  plunger,  spring  and  shims  (usually  about  0.100  inch 
of  shim)  into  housing  from  rear  end.  Table  507-4. 

7.  Slip  spring  and  guide  into  plunger. 

8.  Place  gasket  over  cover  and  position  plate  on  gasket. 

9.  Carefully  slide  housing  with  springs  and  plungers  in  plate, 

10.  Install  "O"  ring  into  plate  groove;  add  shims  as  determined 
in  Step  3  and  tighten  spring  pack  assembly  to  housing  with 
capscrews,  lockwashers  and  flatwashers. 


Part                     Color                                                _     . 
Number              Code                                                Repl'CeS 

Wire 
Diameter 

Number 
Coils 

Pounds            Inches 
Load         @     Length 

Free 
Length 

Maximum  or  High-Speed  Springs: 

"143247              Yellow 

.092 

7.44 

17.72/16.36®  1.00 

1.487 

MJ248              Yellow/Green                                  70711 

.092 

7.94 

16.20/14.96®  1.00 

1.487 

:  43249              Yellow/White 

.086 

7.10 

14.68/13.56®  1.00 

1.487 

US250              Red/White                                       70711A 

.086 

7.69 

13.17/12.15®  1.00 

1.487 

"143251               Blue/Brown                                      70711B 

.086 

8.43 

11.65/10.75®  1.00 

1.487 

143252              Red 

.080 

7.64 

10.1  3/9.35®  1.00 

1.487 

1432jJ              Red/Yellow                                      7071  1C 

.080 

8.64 

8.61/7.95®  1.00 

1.487 

143254              Red/Brown                                       135158 

.072 

7.46 

7.09/6.55  @  1.00 

1.487 

143255              Red/Green                                       '7071  1D 

.072 

8.99 

5.57/5.1  4®  1.00 

1.487 

143256              White/Blue                                       70711E-F 

.062 

7.49 

4.05/3.74  @  1  .00 

1.487 

"144478               White 

.086 

7.69 

19.92/18.40®  1.00 

1.737 

'144479              Green 

.086 

8.43 

17.63/16.27®  1.00 

1.737 

"144490              Orange 

.080 

7.64 

4.93/4.55  @  1.00 

1.237 

"(44491               Light  Blue 

.080 

8.64 

4.19/3.87®  1.00 

1.237 

"1  -4V  292              Brown 

.092 

7.00 

16.02/14.78  @  1.00 

1.405 

147293              Orange/Yellow 

.092 

6.65 

13.72/12.68®  1.00 

1.322 

147294              White/Brown 

.092 

6.32 

11.21/10.35®  1.00 

1.245 

147295              Orange/Red 

.092 

6.05 

11.58/10.69  @  1.00 

1.237 

147296              Brown/Green 

.092 

5.80 

12.31/11.37®  1.00 

1.237 

1  53235              Green/Orange 

.080 

8.64 

6.40/5.90  @  1  .00 

1.362 

153236              Green/Blue 

.086 

7.69 

9.78/9.04  @  1.00 

1.362 

153237              Blue/Yellow                                     125498 
153238              Blue/Red 

.086 
.080 

8.43 
7.64 

8.66/7.99  @  1  .00 
7.52/6.95  @  1.00 

1.362 
1.362 

7071  1-G            Orange/White 

.054 

5.5 

1.82/2.07®  1.187 

70~11  -H            Lt    Blue/Orange 

.054 

6.5 

1.50/1.71  @  1.187 

•    .  •  l-J             Lt   Green/White 

.051 

6.25 

1.21/1.39  @  1.187 

'  ..vi;-K             Orange/Lt.  Green 
lb/059              Blue/Orange 
177629              Brown/Orange 

.047 
.092 
.102 

7.25 
6.32 
6.10 

0.78/0.89  @  1.187 
20.75/22.03®  1.00 
19.3/21.  3®.  945 

1.487 
1.270 

Formerly  color  coded  -143247  Yellow/Black,  143251    Red/Black     144478 
Orange,  144491   Black/Blue  and  147292  Black/Brown. 

Black/White 

,    144479   Black/Green, 

144490    Black/ 

rfVS  AND  SVS  Governor  Springs: 

53240                None  (Idle) 
09690                Pink 

.044 

5.5 

4.  10/3.70®.  295 

.415/.445 

09689                Gray 

.080 

8 

18.5/15.1  @1.12 

1.436/1.356 

09688                Brown 

.080 

8.5 

16.3/13.3  @  1.12 

1.424/1.344 

0822                  Green 

.080 

9 

14.1/11.5®  1.12 

1.410/1.330 

09687               Yellow 

.080 

9.5 

12.65/10.25®  1.12 

1.398/1.318 

09686               Blue 

.080 

10 

11.2/9.2  @  1.12 

1.387/1.307 

0821                   Red 

.072 

8.5 

8.03/6.57®  1.12 

1.358/1.278 

07787                Yellow/Blue 

.072 

10 

8.9V7.29  @  1.12 

1.435/1.355 

01002                White 

.072 

12.5 

8.75/7.45®  1.1  2 

1.522/1.442 

10461                 Purple 

.063 

11 

6.43/5.47®  1.1  2 

1.554/1.474 

10460                Orange 

.063 

12.5 

5.72/4.88®  1.1  2 

1.568/1.488 

05422               Black 

.063 

14.5 

4.97/4.23  @  1.12 

1.578/1.498 

18128               Black/White 

.054 

f\KA 

11.5 

3.35/2.85®  1.1  2 

1  .548/1  .468 

43849               Yellow  (Idle) 

.054 

14 

2.42/2.84  @  1.12 

1.598/1.518 

53232               Blue 

.025 

9 

2.38/2.62  @  .325 

.635/.6G5 

Jle  Springs: 

.086 

7.10 

6.60/7.10  @  1.00 

1.237 

14195                None 

38810                None 

.032 

12 

0.69/0.85  @  .955 

1.025 

38811                None 

.032 

7 

0.39/0.49®  .418 

.525 

ote:  138810  and  138811 

.032 

12.5 

0.58/0.92  @  .850 

.918 

/eight  Assist  Springs-      "^     °"  *  '"           PumPs  without 

weight  assist. 

(3847               Blue 

•3848                 Brown 
3849                Yellow 

.028 
.030 

9.75 
9 

3.30/3.70  @  .325 
4.17/4.83  @  .325 

.569A599 
.514/.544 

__ 

_ 

11 

2.38/2.62  @  .325 

.635A665 

PT  Fuel  Pumps 

Fuel  Lines  and  Tunkr, 


PT  Fuel  Pomp  Group 


The  fuel  tanks  and  lines  aU  as  the  vehicles  to  carry  fu 
to  the  fuel  pump  and  from  Iho  fuel  pump  to  injectors.  In  < 
cases  restrictions  should  be  kept  at  the  lowest  possib 
value. 


Fuel  Lines  and  Tanks— Unit  509 


Fuel  Supply  Tank 

The  fuel  supply  tank  with  the  PT  fuel  systems  serves  a  dual 
purpose.  First  it  contains  the  fuel  supply  and  second,  it 
acts  as  a  temperature  control,  it  receives  fuel  from  injector 
drain  manifold.  Fuel  which  circulates  through  the  injectors 
carries  heat  from  injectors  back  to  tank.  Under  cold 
weather  conditions  this  heated  or  warm  fuel  will  aid  in  pre- 
vention of  frozen  fuel  lines. 

The  following  tank  and  piping  instructions  refer  to  Figs. 
509-1  thru  10  shown  on  succeeding  pages: 

Venting  arrangements  shown  are  representative  of  condi- 
tions required  for  separation  of  liquid  and  fumes  coming 
from  return  lines  to  tank.  In  installations  where  use  of  an 
"air  dome"  is  necessary,  an  additional  vent  must  be  pro- 
vided. This  air  dome  must  be  at  least  5  inches  high  and 
2V»  inches  I.D.  A  vented  filler  spout  of  size  equal  to  the 
air  dome  may  be  used  provided  the  vent  hole  is  V«  to  1A 
inch  in  diameter.  Air  vent  must  be  below  level  of  injector 
in  all  cases  except  where  an  overhead  tank  is  used. 


6.  A  sump  should  be  ptoviclori  in  tank  to  drain  sediment  ai 
water.  Fig.  509-6. 

7.  For  installations   which    ;ue   subject   to    I.C.C.    regulatior 
it  is  recommended  that  fui.'l  line  or  vent  location  and  pr 
tection  be  made  to  conform  with  I.C.C.  specifications. 

8.  An  overhead  tank  installation  should  not  be  used  under  a 
condition  where  fuel  might  possibly  syphon  back  to  the  i 
jectors.  Use  with  a  float  tank,  with  filter  located  betwei 
pump  and  float  tank. 

9.  For  best  results  in  any  installation  tank  location  should  n 
be  more  than  8  feet  bi'low  the  pump. 

10.  Fuel  should  be  drawn  from  tank  at  least  V<"  above  bottc 
to  avoid  sucking  sediment  or  water. 


2.  To  avoid  overflow  of  fuel  in  hot  weather  fuel  tank  should 
be  designed  so  it  can   be  filled  to  only  95%  of  its   total 
capacity. 

3.  The  fuel  filter  should  be  readily  accessible  and  should  be 
located  between  the  bottom  of  the  fuel  tank  and  level  of 
fuel  pump  inlet  connection  as  close  to  the  tank  as  acces- 
sibility will  permit.  Avoid  locating  higher  than  fuel  pump  if 
at  all  possible.  It  is  best  to  locate  filter  under  hood  if  pos- 
sible for  cold  weather  protection. 

4.  Make  sure   all   suction   line   connections   to   pump   are   air 
tight,  with  outlet  from  tank  in  center  and  'A   inch   above 
bottom  of  tank.  This  may  be  a  bottom  connection  or  a  pipe 
from  any  location  reaching  to  bottom  center  of  tank. 

5.  Injector  drain  connection  in  tank  should  be  located   near 


Fuel  Lines 

3ee  table  509-1  for  line  sizes  (hose  or  steel  tubing)  used  in 
rut,-!  system.  Hose  used  should  consist  of  a  seamless 
synthetic  rubber  inner  tube  reinforced  with  fabric  braiding 
and  wire  braiding,  and  covered  with  a  synthetic  rubber 
impregnated  oil  resistant  fabric  braid  or  rubber  coating. 
The  hose  should  be  capable  of  handling  fluids  ranging  in 
tempbiature  from  — 40°F.  to  300°F. 


Table  509-1:  Fuel  Lines 

Fuel  line 
Usage 

Hose 
Size 

Tube 
Size 

Maximum 
Restriction 

Fuel  suction 
hijector  return 
PT  (type  R) 
fuel  pump  return 
°T  (type  G) 
ntegral  gear  pump 
aleed  on  cooling  kit 

No.  10 
No.  8 

No.  6 
No.  4 

Vi"  O.D. 
V>"  O.D. 

V."  O.D. 

4"  Hg.  (clean 
1"Hg. 

filter) 

Eliminating  Fuel  Tank  Condensation 

At  the  end  of  the  work  period  the  fuel  tanks  should  be 
.  -.d  to  minimize  tank  condensation.  A  small  amount  of 
n,.-jpsture  from  condensation  and  engine  storage  is  un- 
avoidable. Alcohol  will  absorb  moisture  from  fuel.  Moisture 
or  traces  of  water  can  be  removed  from  fuel  tanks  by 
adding  one  pint  of  pure  anhydrous  (waterless)  or  methanol 
(wood)  alcohol  to  every  50  gallons  of  fuel.  Be  certain  al- 
cohol container  is  tightly  closed  during  storage.  Alcohol 
will  also  absorb  moisture  from  air  if  the  lid  isn't  air  tight, 
thereby  making  it  useless  as  a  drying  agent. 


DflBCTOR  RETURN 


VENT  FILLER  SPOUT 


TO  INJECTOR 


3/4  INCH 


Fig.  509-3      Single  fuel  tank 


rump  Assembly 


PT  Fuel  Pump  Group 


The  pump  assembly  requires  all  parts  to  be  dirt  free,  i 
the  actual  operations  performed  with  the  utmost  care, 
insure  proper  and  trouble-free  performance. 


Fuel  Pump  Assembly— Unit  510 


Vise  And  Holding  Fixture 

Mount  the  fuel   pump  housing  on   Holding   Fixture  ST-546 
and  Swivel  Vise  ST-302. 


Tachometer  Drive 

1.  Install    tachometer    drive    assembly    into    fuel    pump    main 
housing.  Press  assembly  into  housing  using  ST-430  Mandrel. 

2.  Press   oil   seal   on   the   tachometer  drive   with   sealing    lip 
down.  Seal  must  seat  on  the  drive  bushing. 

3.  Assemble   tachometer  cover  and   new  gasket  to   the  fuel 
pump  housing.  Fig.  510-1. 

4.  Install  screws  and  washers  in  cover. 


Filter  Screen 

1.  Assemble  the  filter  screen  assembly  into  the  housing,  the 
hole  in  the  bottom  retainer  goes  down.  Fig.  510-2. 

2.  Install  "O"  ring  using  grease  to  hold  in  place. 


3.  Position  spring  and  tighten  cover  in  place.  Torque  cap 
25/30  ft.  Ibs.  Over-tightening  is  not  necessary  or  desira 

Note:  A  new  stronger,  more  reliable  filter  screen  has  b 
released.  It  may  be  identified  by  the  two  sizes  of  wire 
a  ripple  appearance. 

Note:  MVS  governors  and  special  electric  governors  c 
tain  two  screen  assemblies.  See  Section  502. 

Governor  Spring  Pack 
Automotive  Governor 

1.  PT  (type  G)  Fuel  Pump:  Ass.emble  screw  into  pluni 
guide,  place  small  copper  washer  over  screw  point  ins 
plunger  guide.  Fig.  510-3.  Place  small  idle  spring  ii 
plunger  guide  and  place  idle  plunger  (button)  agai 
spring  in  plunger  guide.  Fig.  510-4. 

Note:  A  new  improved  idle  plunger  is  now  being  us 
When  assembling  governor  spring  pack  the  new  pluni 
should  be  used.  Fig.  510-5. 

The  size  of  counterbore  changes  with  different  eng 
models.  See  pump  calibration  data  for  correct  plunger 
use.  The  plunger  controls  maximum  fuel  pressure  produc 
by  the  fuel  pump.  All  plungers  with  code  number  170 


Fig.  510-1       Installing  tachometer  covet 
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Fig.  510-2      Installing  filter  assembly 


WASHIB 
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ig.  510-3      Installing  washer  over  plunger 
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Fig.  510-5      Governor  idle  plunger 


higher  require  adapter  part  number  144676. 


3lace  the  maximum-speed  spring  over  the  rear  of  plunger 
guide  and  place  shim  against  spring,  install  retainer  and 
snap  ring  securing  assembly  into  governor  sleeve.  Fig. 
510-6. 


:  There  are  different  maximum-speed  springs  available 
ind  each  is  identified  by  color  stripes.  See  Section  507 
3age  8  for  tabulation. 


:  Shims  are  available  in  .005,  .010  and  .020  inch  thick- 
>ess.  The  final  number  of  shims  must  be  determined  during 


fuel  pump  calibration.  See 

on  calibration. 

3.  Install  the  spring-pack  cover  and  gasket.  Install  capscrews 
and  washers  securing  cover  to  housing,  Torque  capscrews 
to  90/95  in.  Ib. 

Gear  Pump 

1.  Assemble  the  gear  pump  to  the  main  housing  using  a  new 
gasket.  Fig.  510-7.  Locate  notch  for  right  hand  or  left  hand 
rotation.  For  right  hand  rotation  locate  notch  to  upper  right 
hand  corner  (looking  from  behind  the  fuel   pump);  for  left 
hand  rotation  locate  the  notch  to  bottom  left  hand  corner. 

Note:   Use   correct  gasket   and    be   sure   it    is   positioned 
correctly. 

2.  Install  capscrews,  lockwashers  and  plain  washers;  torque 


g.  510-4      Installing  governor  plunger 


«M  Fig.  510-8      Installing  .prlng  pack  imp  ring 
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Fig.  510-7      Installing  gear  pump 
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Fig.  510-9       Installing  throttlo  shaft  "O"   ring 


in  increments  to  7/9  ft.  Ibs.     Fig.  510-8.     Check  gear  pump 
rotation  freedom. 

3.  Install  fuel  inlet  connection  using  a  good  pipe  sealer  such 
as  John  Crane  lead  sealer.     Use  sealer  sparingly  to  keep 
out  of  pump.     Cover  connection  to  keep  out  dirt. 

4.  Install  cooling  check  valve  and/or  elbow  into  top  of  gear 
pump  if  used. 


Throttle  Shaft 

Throttle  shafts  vary  with  applications.  Replace  with  identi- 
cal throttle  shaft,  if  replaced.  Table  510-1,  2  and  3. 

1.  Install  new  "O"  ring  on  throttle  shaft  using  ST-835  Mandrel 
for  Vj  inch  (ST-422  for  larger)  shaft  to  avoid  damage  to 
"O"  ring.  Lubricate  in  "STP"  before  assembly.  Fig.  510-9. 


2.  Install    restriction    plunger    in    the   throttle    shaft,    if   usec 
most  PT  (type  G)  pumps  use  this  resriction  plunger.  Torqu 
plug  to  40/55  inch  pounds. 

Note:  Install  enough  shims  to  bring  the  plunger  flush  wit 
the  fuel  passage  leaving  it  completely  open.  Fig.  610-K 
Some  throttle  shafts  do  not  have  a  restriction  plunger  i 
them. 

3.  Insert  the  throttle  shaft  in  sleeve  so  the  "ears"  of  the  ato| 
are  curved  downward  or  if  pin  is  used  so  open  side  of  pi 
is  down,  lubricate  with  fuel  oil. 

Caution:  Counterbored  port  on  PT  (typ«  G)  throttla  mm 
go  down, 


4.  Install  the  snap  ring  and  lock  in  the  groove  in  front  of  thi 
name  plate.  Fig.  510-11. 


Fig.  510-8      Torquing  gear  pump  c«pscrew« 
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Fig.  510-10    Installing  restriction  plunger 


e  510-1:  Throttle  Shafts  Vi"  PT  (type  G) 


je —  Standard,  except  as  noted  below:  (See  Fig.  507-12.) 


No. 


No. 


No. 

ge- 

e 


Red 

0 

Blue 
1 

Green 
1 

Yellow 
3 

Brown 

4 

Black 
5 

Gray 
6 

149030 

149031 

149032 

149033 

149034 

149035 

161596 

Red/Gray 

10 

Blue/Gray 
11 

Green/Gray 
12 

Yellow/Gray 
13 

Brown/Gray 
14 

Black/Gray 

15 

169890 

169891 

169892 

169893 

169894 

169895 

Red/Purple 
20 

Black/Purple 
21 

Green/Purple 
22 

Yellow/Purple  Brown/Purple 
23                      24 

Black/Purple 
25 

169900 

169901 

169902 

169903 

169904 

169905 

Purple 

7 

161597 


No. 
No. 


•  MVS  governors: 

Red  Blue 

0  1 

157940  157941 


155380 


155381 


Green 

2 

157942 

155382 


Yellow 
3 

157943 
155383 


Brown 
4 

157944 
155384 


Black 
5 

157945 
155385 


Solid  Shaft 
Restricted  Shaft 


Note:  The  throttle  lever  stop  in  the  vehicle  chassis  should 
be  adjusted  so  there  will  be  a  minimum  or  negligible 
amount  of  collapsing  of  the  throttle  lever.  Otherwise,  the 
purpose  of  the  spring  loaded  lever  will  be  defeated  as  the 
lever  can  collapse  only  so  far.  Also,  if  the  throttle  linkage 
stop  is  not  properly  adjusted,  the  spring  loaded  lever  may 


Fig.  510-11     Installing  snap  ring 
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Fig.  510-13    Current   PT   (type   R)   throttle  shafts 


Governor  Plunger 

Lubricate  and   install   the   plunger   into   barrel. 

Fig,  510-14.  Make  sure  plunger  is  correct  fit  and  correct 
number  if  replaced.  Remark  governor  barrel  if  oversize 
plunger  is  used,  so  size  of  barrel  and  plunger  correspond. 


Position  plunger  drive  tang  horizontally  —  position   ' 
carrier  horizontally. 

Note:  The  weights  straddle  the  governor  plunger  dri\ 

4.  Assemble  the  capscrews,  flatwashers  and  lockwashe 
curing  cover  to  housing  and  torque  to  90/95  inch  p 


Drive  Cover  Assembly 

Place  a  new  gasket  over  the  drive  housing  cover  dowel 
pins. 

Place  the  assist  plunger  in  the  weight  shaft  bore  with 
spring  and  shims,  used  only  on  PT  (type  G)  pumps. 

Hold  the  governor  weights  in  to  hold  the  assist  plunger 
while  assembling  cover  to  housing,  meshing  the  tachometer 
gears.  Fig.  510-15, 


A 
1 


Shut-Down  Valve 

1.  Put  grease  on  the  "O"  ring  and  install  the  shut-down 
on  top  the  fuel  pump  housing. 

2.  Secure  with  capscrews,  lockwashers  and  flatwashers. 

Pulsation  Damper 

1.  Put  grease   on   "O"   ring   and   install  damper  to  the 

pump, 

2. Secure  with  screws,   lockwashers,    anc 
flat  washers.  Torque  to  8  ft.   Ib. 


Fig.  510-12    Current   PT   (type  G)   throttle  shafts 


F519  Fig.  510-14    Installing  governor  plunger 


Pump  Assembly 


iegral  Type  PT  (type  G)  Fuel  Pump  Cooling 

mature 


I  PT  (type  G)  fuel  pumps  have  been  revised  to  incorpo- 
te  a  new  fuel  pump  cooling  feature  as  an  integral  part  of 
e  gear  pump  for  production  engines. 

le  small  amount  of  fuel  which  this  new  cooling  device 
utes  back  to  the  fuel  tank,  previously  was  recirculated 
ternally.  Therefore,  this  method  of  cooling  does  not  use 
iy  of  the  normal  delivery  of  the  gear  pump  and  present 
el  pump  calibration  specifications  will  still  apply. 

lis  bleed  fuel  is  that  fuel  which  flows  through  and  lubri- 
ites  gear  pump  bearing  bores.  Previously,  this  fuel  was 
jmped  back  into  the  suction  side  of  the  gear  pump.  With 
e  integral  bleed  gear  pump,  the  lubricating  fuel  flow 
rough  three  gear  pump  bearings  is  bled  off  through  an 
tternal  tapped  drain  hole.  The  former  internal  pump 
illings  which  permitted  this  fuel  to  return  to  the  suction 
de,  have  been  eliminated.  Fig.  510-19. 

ie  inboard  main  shaft  bearing  bore  still  returns  its  fuel 
the  gear  pump  suction.  The  inboard  idler  shaft  bearing 
el  flows  through  the  hollow  idler  shaft  to  the  external 
ain  line.  As  can  be  seen  from  the  sketch,  both  outboard 
sar  pump  bearings  drain  externally. 

ince  three  of  the  bearing  bores  drain  externally,  it  is  ap- 
»rent  that  both  tapped  holes  in  the  gear  pump  housing 
innot  be  plugged.  Plugging  both  tapped  openings  will 
•event  lubricating  and  cooling  fuel  flow  through  the  three 
saring  bores  and  gear  pump  seizure  will  occur. 

oth  ends  of  the  through  drain  drilling  are  tapped  so  that 
jar  pumps  can  be  converted  from  R.H.  to  L.H.  in  the 
irmal  manner. 

aution:  Under  no  circumstances  should  the  pump  be  op- 
•ated  with  the  cooling  return  flow  plugged.  This  fuel  flow 
necessary  to  lubricate  the  bearing  surfaces  within  the 
jar  pump. 


1.  Fuel  pumps  with  the  integral  cooling  feature  may  be  iden- 
tified by  a  '/«   inch   NP.T.F.  hole  in  the  top  of  the  gear 
pump. 

2.  If  fuel   pump   is   equipped  wrth— MVS-governor,  the   MVS 
spring  pack  cover  (109744)  and  the  adapter  plate  (148254) 
must  be  reworked  to  provide  sufficient  clearance  for  the 
elbow  coming  from  the  gear  pump.  Fig.  510-20. 

Note:  Step  No.  3  must  be  complete  before  reinstalling  the 
MVS  spring  pack. 

3.  Install  a  175836  elbow-check  valve  in  the  V«  inch  drain  hole 
in  the  gear  pump. 


Note:  The  spring-loaded  check  valve  is  necessary  to  pre- 
vent the  fuel  in  the  pump  from  draining  away  and  causing 
hard  starting. 


Fig.  5)0-15    Installing  drive  cover  to  main  housing 
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r  i    ^iype  vjj  ruei  rump 
Calibration  With  Flow-meter 


PT  Fuel  Pump  Group 


The  purpose  of  fuel  pump  testing  and  calibration  is  simpl; 
to  make  adjustments  prior  to  pump  installation  on  an  en 
gine  which  will  assure  engine  performance  within  specifica 
tions.  Test  stand  calibration  then  is  a  time-saving  practice 
The  fuel  pump  could  be  calibrated  or  completely  adjustei 
on  the  engine  if  you  were  able  to  control  the  load  as  i 
done  on  a  dynamometer,  but  the  time  required  would  bi 
prohibitive. 


Calibration  Instructions— Unit  511 


The  following  checks  should  be  performed  if  you  suspect 
porosity  of  fuel  pump  housings,  low  gear  pump  output  or 
excessive  leakage  of  MVS  Governor.  The  gear  pump  test 
can  only  be  performed  on  test  stands  equipped  with  a  flow 
meter,  ST-775  or  ST-848.  See  following  paragraphs  for 
pump  mounting  to  test  stand  instructions. 

Housing  Porosity  Check 

1.  Fill  fuel  pump  with  clean  fuel  or  test  oil. 

2.  Remove  suction  fitting  at  gear  pump  and  install  fittings  so 
an  air  pressure  hose  may  be  attached. 

3.  Air  supply  hose  line  must  be  equipped  with  a  valve  and 
gauge  to  control  air  pressure  at  a  maximum  of  20  psi. 

4.  Apply  20  psi  air  pressure;  do  not  exceed  20  psi  or  damage 
to  seals  may  result. 

5.  Pour  fuel  or  test  oil  over  pump  and  examine  carefully  for 
air  bubbles,  indicating  leaks.  Alternately  wipe  pump  or  spe- 
cific area  dry  and  check  for  wet  seepage.  Do  not  use  this 
check  for  seals. 


Gear  Pump  Test 

1.  Use  a  "dummy"  fuel  pump  built  up  with  only  the  parts  re- 
quired to  drive  the  gear  pump,   minimum   of  pump   body, 
with   tachometer   drive    and    a   complete    front   cover    as- 
sembly. If  desired  a  complete  fuel  pump  can  be  used  if  the 
governor  plunger  and  weight  assist  plunger  and  spring  as- 
sembly are  removed  and  pump  housing  is  filled  with  fuel; 
this  will  prevent  any  possible  damage  to  governor  plunger 
or  governor  barrel. 

2.  Install  ST-844  gear  pump  block  plate,  with  gasket  on  each 
side,  between  gear  pump  and  fuel  pump  body. 

3.  Remove  gear  pump  damper  from  gear  pump  and  connect 
copper  line  from  orifice  block  to  gear  pump  pressure  tap. 


Fig.  511-4.    ST-844  gnr  pump  block  plata 
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5.  Shut  off  the  fuel  manifold  pressure  gauge  to  prevent  dan- 
age  from  over  pressure. 

6.  The  valve  in  the  suction  line  and  the  valve  controlling  th 
main  flow  orifice  are  to  be  fully  open.  All  other  valves  mu: 
be  completely  closed.  With  the  valves  in  this  position,  fui 
will  be  routed  through  the  manifold  orifice. 

7.  Start  the  pump  drive  in  the  proper  direction  and  run  th 
pump  at  400  to  450  RPM.  The  gear  pump  must  pick  up  i 
this  speed  without  the  aid  of  priming.  Any  gear  pump  whic 
fails  to  pick  up  fuel  must  be  reworked  or  replaced.  The  r« 
maining  steps  of  this  check  need  not  be  made  on  any  pum 
failing  to  pick  up. 

8.  Increase  pump  speed  for  the  following  checks: 


Gear  Pump 

7/i6  inch 
3A  inch 
1  inch 
1'A   inch 


RPM 

2100 
2100 
2100 
1600 


Minimum  Total  Flo* 

495  LbsVHr. 

850  LbsVHr. 
1080  Lbs./Hr. 
1000  Lbs./Hr. 


4.  Connect  the  fuel  suction  line  to  the  suction  side  of  the 


Any  gear  pump  with  delivery  below  the  listed  value  shou 


ote:  The  minimum  total  flow  requirement  will  be  higher 
ir  the  NRTO  (JA  pump)  and  V-12's  which  are  rated  over 
SO  bhp  at  2100  RPM.  The  requirement  for  reworking  or  re- 
acing  these  pumps  will  be  the  ability  to  obtain  the  re- 
tired fuel  manifold  pressure  on  the  test  stand. 

ny  gear  pump  with  a  delivery  above  the  listed  minimum 
to   be   considered   acceptable  for   fuel   pump   operation, 
id  it  can  be  installed  on  a  fuel  pump  for  proper  calibra- 
on. 

he  following  check  should  be  made  if  the  gear  pump  de- 
/ery  is  just  above  the  listed  minimum  described  in  Step  9. 

Te  unrestricted  manifold  pressure  should  be  checked  for 
10/15%  higher  pressure  at  rated  speed  than  the  manifold 
ressure.  If  it  is  too  low  or  too  high  it  may  be  necessary  to 
nange  idle  plunger  (button)  to  give  the  correct  unre- 
:ricted  pressure  of  10/15%  above  final  manifold  pressure. 

ote:  The  idle  plunger  (counterbore-diameter)  may  be  de- 
reased  in  size  to  increase  the  amount  of  pressure  avail- 
ale  at  the  calibration  set-point. 

aution:  Step  10  is  to  be  used  only  if  gear  pump  is  worn 
reventing  it  from  delivering  enough  pressure  for  proper 
alibration.  Never  change  idle  plunger  to  exceed  the 
)/15°/o  unrestricted  manifold  pressure. 

1VS  Governor  Leakage 

he  following  check  may  be  used  on  fuel  pumps  with  slow 
eceleration  and/or  throttle  leakage. 

lount  a  fuel  pump  for  pressure  source  to  test  stand.  This 
ump  must  be  capable  of  developing  220/230  psi  with  test 
:and  manifold  valve  closed. 

lock  both  sides  of  a  filter  cap  screen  bore  with  silver 
Dldering. 

isert  blocked  filter  cap  and  screen  assembly  in  bore  of 
IVS  housing. 

/ith  a  suitable  plumbing  arrangement,  tee  into  the  fuel 
ump  test  stand  manifold  line.  Connect  this  line  at  the  V« 
ich  pipe  tap  hole  at  the  filter  cap  end  of  housing. 

emove  the  snap  ring  from  around  governor  spring  In  gov- 
rnor  sleeve. 

lace  the  MVS  Lever  in  minimum  speed  position. 

lose  the  fuel  pump  test  stand  manifold  valves  and  raise 
\e  speed  to  near  rated  speed.  Fuel  will  be  discharged 
om  gear  pump  suction.  Solenoid  must  be  manually  open 
)r  this  check.  Check  the  discharge  fuel  temperature  on 
IG  test  stand  temperature  gauge. 


the  fuel  temperature  reaches  85/95'  F.,  move  the  MVS 
overnor  lever  to  maximum  speed  position  and  raise  or 
jwer  the  pump  speed  until  the  manifold  pressure  gauge 
hows  220/230  psi.  Measure  the  leakage  from  the  solenoid 
utlet  fitting.  This  leakage  must  not  exceed  10  cc  per 
linute. 


Fig.    511-5.     Checking    MVS   governor    leakage 
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Note:  Connect  a  short  length  of  tubing  to  the  90°  weather- 
head  fitting  on  the  solenoid  to  act  as  a  spout. 

9.   If  leakage  is  above  10  cc  per  minute  refit  plunger  in  sleeve 
and  recheck  the  leakage. 

10.  Install   snap   ring    back   into    MVS    governor  sleeve   around 
governor  spring. 

11.  Remove  the  filter  cap  with  the  silver  soldering  and  install 
a  cap  with  the  side  holes  open. 


Pump  Hookup 

1.  Install  the  proper  drive  coupling  to  test  stand,  which 
matches  pump  drive  shaft  coupling,  so  pump  being  tested 
may  be  driven.  See  Fig.  511-6  and  511-7. 


Fig.   511-6.     Mounting   fuel   pump  with   buffer  type  drive 
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Fig.  511-7.     Mounting   fuel   pump  with   spline  drive 


Fig.   511-9.    50  cycle   motor  brush   location   to   reverse  motor 


Fig.  511-8.    Connect  gear  pump  suction 
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Fig.    511-10.     60   cycle    motor   reverse   button 


Mount  fuel  pump  on  the  test  stand  mounting  bracket  leav- 
ing about  Me  inch  between  fuel  pump  coupling  and  test 
stand  drive  coupling. 

Squirt  some  clean  test  oil  into  the  gear  pump  inlet  hole,  so 
pump  will  pick  up  faster,  then  connect  suction  line.  Fig. 
511-8. 

Connect  the  gear  pump  pressure  line  to  the  fuel  pump 
damper,  if  outlet  fitting  is  present.  The  gear  pump  pressure 
line  may  also  be  connected  at  the  Va  pipe  plug  holes  on 
bottom  or  side  of  the  pump,  just  before  the  governor  barrel. 
Never  calibrate  a  fuel  pump  or  check  fuel  pressure  without 
the  fuel  pressure  damper  in  place. 

Fill  fuel  pump  housing  with  clean  test  fuel  through  the  plug 
hole  on  top  of  pump  (fuel  inlet  fitting  on  V6-140/V8-185  en- 
gines). Reinstall  plug  or  fitting. 

Connect  line  to  fuel  pump  shut  down  valve. 


a.  Use  a  copper  line  %t  inch  O.D.  and  24  inches  long. 

b.  Or  as  an  alternate  method  connect  a  No.  5  wire  braii 
hose  in  place  of  the  copper  line  and  remove  the  line  i 
ning  from  the  orifice  block  to  the  manifold  pressure  gai 
Plug  hole  in  orifice  block.  Then  install  a  No.  4  wire  braii 
hose  at  manifold  pressure  gauge  and  connect  it  into 
No.  5  hose  3  to  5  inches  from  fuel  pump  shut  down  va 
The  3  to  5  inches  of  line  below  this  junction  should  be 
inch  O.D.  copper  tubing  for  ease  of  plumbing. 

7.  Connect  a  No.  4  hose  to  the  cooling  bleed  check  valve 
pump  housing  or  on  gear  pump,  if  used. 

Caution:  Never  operate  gear  pump  having   cooling   d 
with  the  drain  plugged. 

8.  Never  remove  fuel  pressure  damper  either  during  testini 
operation  as  it  will  cause  erratic  pump  performance 
accelerate  wear. 


Jse  ST-774  Tachometer  at  the  fuel  pump  tachometer  shaft 
:onnection  to  obtain  most  accurate  speed  readings  (un- 
ess  using  ST-775  or  ST-848  stand). 

fhe  ST-848  test  stands  with  50-cycle  current  requires  a 
:hange  in  motor  brush  location  to  reverse  motor  for  left 
land  fuel  pumps.  Fig.  511-9.  Rotate  cover  shown  to  posi- 
:ion  required  by  loosening  two  cover  screws. 

l"he  ST-848  test  stands  with  60  cycle  current  require  only 
:hat  the  reverse  or  forward  start  button  be  pressed  de- 
fending on  right  or  left  hand  pumps.  Fig.  511-10. 

Check  Pump  Name  Plate 
rormer  Method  of  Stamping 

Make  sure  the  fuel  pump  name  plate  properly  describes 
:he  fuel  pump  as  it  has  been  calibrated. 

Fhe  first  space  is  stamped  with  the  number  of  engine  cyl- 
nders  "12".  Fig.  511-11. 

rhe  next  four  spaces  gives  the  engine  model  designation. 

Fhe  next  six  or  more  spaces  on  the  top  line  gives  the  pump 
serial  number,  this  number  should  not  be  changed. 

Dn  the  second  line  the  letters  "GR"  stand  for  PT  (governor 
•egulated)  fuel  pump. 

fhe  next  four  spaces  indicate  calibiation  release  code  "54" 
lumbers  and  engine  model  code  "CG"  letters. 

fhe  next  five  spaces  Indicate  pump  speed  rating  "2000". 

fhe  last  space  is  stamped  "L"  when  a  left-hand  rotation 
;uel  pump  is  used.  Some  "V"  series  engines  rotate  right 
land,  but  require  a  left-hand  rotation  fuel  pump. 

Current  Method  of  Stamping 

fhe  first  spaces  in  the  top  line  are  to  designate  the  num- 
aer  of  engine  cylinders,  and  the  engine  model  "12VT-825". 


2.  The  next  six  or  more  spaces  on  the  top  line  give  the  pump 
serial  number  "347629". 

3.  The  first  four  spaces  on  the  second  line  designate  the  code 
number  "54CG". 

4.  The  next  four  spaces  on  the  second  line  give  the  calibra- 
tion card  number  "1326". 

5.  The  last  six  spaces  on  the  second  line  give  the  speed  rat- 
ing of  the  fuel  pump  and  the  rotation'  of  the  fuel  pump,  as 
"L"  when  a  left  hand  fuel  pump  is  used  "S2000L".  The  "S" 
indicates  standard  governor. 

Run-In 

1.  Open  completely  the  fuel  pump  shut-down  valve  (manual 
button  Fig.  511-12)  and  flow  control  valve.  Open  throttle, 
wide  open  position,  (secure  open  with  a  spring)  start  and 
run  pump  at  500  rpm.  If  pump  does  not  pick  up  check  for 
closed  valves  in  the  suction  line,  an  air  leak  or  for  incor- 
rect rotation  of  pump. 

Note:   Incorrect  rotation   of  pump   may  cause  damage  to 
vacuum  gauge. 

2.  If  pump  is  newly  rebuilt  or  has  been  opened,  run  at  slightly 
over  rated  speed  for  five  minutes  to  flush,  allow  bearings 
to  seat  and  to  purge  all  air  from  the  system. 

3.  Before  starting   calibration,   check   pump  fuel  flow  in  the 
flow-meter  for  air.  If  air  is  present,  correct  leak  before  con- 
tinuing test. 

4.  Make    sure    throttle    shaft,    with    restriction    plunger,    has 
plunger  shimmed  so  main  throttle  port  is  completely  open. 
This   is  not  necessary   if  the   calibration   is   merely  being 
checked  as  a  trouble-shooting  step.  Fig.  511-13. 

5.  Move  throttle  control  lever  to  full  fuel  position,  it  may  be 
necessary  to  adjust  the  throttle  screws  to  insure  that  the 
fuel  port  in  the  throttle  is  fully  open  and  indexed  with  the 
fuel  passage  in  the  fuel  pump  body.  It  is  not  necessary  to 


NEW  METHOD 


OLD  METHOD 


:ig.   511-11.     Check   pump  name p Lite 


F5165  Fig.  511-12.    Opening  shut-down  valve 
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Fig.  511-13.    Shim  throttle  restriction  plunger 


F5104 


Fig.   511-H.    Check  vacuum  gauge  reading 


adjust  the  throttle  screw  if  the  calibration  is  merely  being 
checked  as  a  trouble-shooting  step. 

6.  With  SVS  and  MVS  governors  both  throttle  levers  must  be 
in  full  fuel  position. 

7.  The  test  oil  or  fuel  temperature  must  be  90°  to  100°F. 

Caution:  Never  set  fuel  pump  to  produce  a  higher  horse- 
power than  engine  was  released  for,  to  do  so  will  void  en- 
gine warranty,  unless  approved  by  the  factory  through  a 
Cummins  distributor. 

8.  SVS  governors   are   not  to   be   used   with   power  take   off 
speeds  below  1100  rpm. 

9.  Set  gear  pump  at  8  in.  hg.  vacuum  during  run  in. 


Calibration  Procedure  —  Flow-Meter  Method 
A.  Check  Pump  Seals 

1.  With  test  stand  operating  at  500  rpm,  close  vacuum  valve 
in  fuel  pump  suction  line  till  vacuum  gauge  reads  15  inches 
vacuum.  The  fuel  flow  control  or  needle  valve  should  be 
open  during  this  check.  Fig.  511-14. 

2.  Put  a  small  amount  of  Lubriplate  or  light  cup  grease  over 
the  vent  or  "weep"  hole   at  mainshaft  seal  bore  of  fuel 
pump  front  cover.  Fig.  511-15. 

3.  If  the   lubricant   is   sucked    into   the   hole   at  the   15    inch 
vacuum  setting,  it  is  an  indication  that  the  seal  will  not  per- 
mit proper  engine  performance  and  should  be  replaced. 

4.  The  above  check  may  also  be  performed  on  the  throttle 
shaft  to  check  the  shaft  "O"  ring.  Apply  lubricant  at  the 
throttle  bushing  to  shaft  outside  diameter. 

5.  Fill  the  tachometer  seal  bore  with  test  oil  from  test  stand. 
Fig.  511-16.  If  the  fluid  is  drawn  into  the  pump,  replace  the 
seal. 


Fig.  511-15.    Checking  "weep"  hole  for  leakage 


Fig.  511-16.    Checking  tachometer  seal  bore  for  leaks 


the  fuel  pump  is  equipped  with  an  MVS  or  SVS  governor, 
r  leakage  may  occur  at  the  speed  control  shaft  or  speed 
Jjusting  screws.  Adjusting  screws  and  screw  covers 
lould  always  be  equipped  with  copper  gaskets. 

uring  above  checks,  observe  flow-meter  for  air  in  the 
eter  which  may  or  may  not  indicate  air  leakage  into  pump. 
ir  may  be  entering  lines  between  tank  and  pump.  A  slow 
ak  may  not  show  up  promptly  as  air  in  the  meter.  Ob- 
;rve  fuel  level  in  tank  for  possibility  of  low  fuel  causing 
r  bubbles. 

sakage  may  occur  at  the  gear  pump  to  pump  housing  gas- 
Jt  if  gear  pump  is  not  positioned  correctly. 


.  Adjust  Vacuum 

pen  test  stand  flow  control  or  needle  valve  wide  open. 

crease  pump  speed  to  engine  rated  speed  (2100  rpm  on 
andard  NH-220). 

djust  vacuum  valve  in  fuel  pump  suction  line  to  obtain  8" 
g.  on  vacuum  gauge.  Fig.  511-17. 


g.    511-17.     Adjust  vacuum   on   suctiorv   restriction  F5106 


:.  Set  Pump  Flow 

f  the  pump  calibration  data  calls  for  over  800  pounds,  per 
our  flow  on  the  flow-meter,  you'  may  have  to  replace  the 
est  stand  manifold  orifice  with  a  S-1027  fitting,  particularly 
n  V12  pumps.  If  orifice  is  removed  for  calibration,  be  sure 

0  reinstall  for  fuel  pumps  with  lower  flow  rates  or  to  call- 
rate  PT  (type  R)  Fuel  Pumps. 

icrease  pump  speed  to  engine  rated  speed  as  indicated 

1  "Calibration  Data"  on  following  pages  (2100  rpm  on  NH- 
20). 

/lose  the  fuel  manifold  orifice  or  main  flow  control  needle 
alve  until  the  flow-meter  shows  the  flow  specified  under 
Flow-Meter"  in  the  calibration  data  (425#/hr.  on  an  NH-220 
lump).  There  must  be  nc  air  visible  in  the  flow-meter.  Fig. 


Pig.  511-18.    Changing  manifold  orifice 
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Fig.  511-19.    Adjust   manifold  orifice  valve  for  flow 


F5107 


511-19.  Disregard  change  in  vacuum  readings  at  this  setting. 

D.  Set  Governed  Speed 

1.  With  throttle  in  full  fuel  position,  increase  pump  speed  un- 
til  point  at  which   fuel   pressure  just  begins   to   decrease 
(peak   point).   This    should    occur   at    speed    indicated    by 
"Governor  Cut-Off  RPM".  For  example:  2120/2140  rpm  on 
NH-220  pump.  Check  speed  with  ST-774  by  tripping  twice 
as  the  fuel  pump  tachometer  drive  is  turning  at  Vi  engine 
speed.  Fig.  511-20. 

Note:  If  MVS  governor  is  mounted  on  fuel  p.ump  the  maxi- 
mum speed  screw  (top  screw)  must  be  backecf  out  enough 
to  let  the  automotive  governor  control  governor  cut-off 
speed  and  the  MVS  lever  must  be  held  in  maximum  speed 
position. 

2.  If  speed  is  lower  than  specified,  add  shims  between  gov- 


Fig.  511-20.     Check  governor  cut  off   speed 
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Fig    511-21.     Shim  governor   spring 
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ernor  spring   and    retainer.   Check   Table   511-2   for   spring 
specifications.  To  reduce  speed,  remove  shims.  Each  .001 


inch  shim  thickness  will  change  speed  approximately  2  rpm, 
Fig.  511-21. 


Table  511-2: 

Governor  (Automotive 

or  High  Speed) 

Springs  and 

Specifications 

Part 
Number 

Color 
Code 

Replaces 

Wire                   Number 
Diameter           Coils 

Pounds    gj     Inches 
Load                Length 

Length 

"143247 

Yellow 

.092 

7.44 

17.72/1  6.36  («>  1.00 

1.487 

143243 

Yellow/Green 

70711 

.092 

7.94 

16.20/1  4.96  (yi  1.00 

1.487 

143249 

Yellow/White 

.086 

7.10 

14.68/13.56®  1.00 

1.487 

143250 

Red/White 

70711  A 

.086 

7.69 

1  3.1  7/1  2.1  5  @  1.00 

1.487 

**1  43251 

Blue/Brown 

7071  1  B 

.086 

8.43 

11.65/10.75®  1.00 

1.487 

143252 

Red 

.080 

7.64 

10.13/9.35®  1.00 

1.487 

143253 

Red/Yellow 

7071  1C 

.080 

8.64 

8.61/7.95®  1.00 

1.487 

143254 

Red/Brown 

135158 

.072 

7.46 

7.09/6.55®  1.00 

1.487 

143255 

Red/Green 

'70711  D 

.072 

8.99 

5.57/5.1  4®  1.00 

1.487 

143256 

White/Blue 

7071  1E-F 

.062 

7.49 

4.05/3.74®  1.00 

1.487 

"144478 

White 

.086 

7.69 

19.92/18.40®  1.00 

1.737 

"144479 

Green 

.086 

8.43 

17.63/16.27®  1.00 

1.737 

"144490 

Orange 

.080 

7.64 

4.93/4.55®  1.00 

1.237 

"144491 

Light  Blue 

.080 

8.64 

4.19/3.87®  1.00 

1.237 

"147292 

Brown 

.092 

7.00 

16.02/14.78®  1.00 

1.405 

147293 

Orange/Yellow 

.092 

6.65 

13.72/1  2.68®  1.00 

1.322 

147294 

White/Brown 

.092 

6.32 

11.  21/1  0.35®  1.00 

1.245 

147295 

Orange/Red 

.092 

6.05 

11.  58/1  0.69®  1.00 

1.237 

147296 

Brown/Green 

.092 

5.80 

12.31/11.37®  1.00 

1.237 

153232 

Blue 

.086 

7.10 

6.60/7.1  4  @  1.00 

1.237 

1&235 

Green/Orange 

.080 

8.64 

6.40/5.90®  1.00 

1.362 

153236 

Green/Blue 

.086 

7.69 

9.  78/9.  04®  1.00 

1.362 

153237 

Blue/Yellow 

125498 

.086 

8.43 

8.66/7.99®  1.00 

1.362 

153238 

Blue/Red 

.080 

7.64 

7.52/6.95®  1.00 

1.362 

157059 

Blue/Orange 

.092 

6.32 

20.75/22.03®  1.00 

1.487 

177629 

Brown/Orange 

.102 

6.10 

19.30/21  .30®.  945 

1.270 

7071  1-G 

Orange/White 

.054 

5.50 

1.82/2.07®  1.1  87 

70711  -H 

Li  Blue/Orange 

.047 

4.50 

1.50/1.71  ®  1.1  87 

7071  1-J 

Lt.  Green/White 

.047 

5.00 

1.21/1  .39®  1.1  87 

7071  1-K 

Orange/Lt.  Green 

.041 

5.00 

0.78/0.89®  1.1  87 

"Also  110888. 

"Formerly  color  coded— 143247 
Orange,  144491   Black/Blue  and 


Yellow/Black,  143251 
147292  Black/Brown. 


Red/Black,  144478  Black/White,   144479  Black/Green,  144490   Black/ 


so  air  may  be  expelled  more  rapidly  from  system.  After  air 
is  expelled,  reset  flow-meter  flow  as  outlined  in  "Set  Purnp 
Flow". 

With  SVS  governor  adjust  speed  by  means  of  high  speed 
adjusting  acrew.  Fig.  511-26. 

With  the  MVS  governor  pumps  (except  those  used  with 
Woodward  Governor)  adjust  automotive  governor  as  de- 
scribed under  Step  1  then  make  the  following  adjustments. 

Operate  the  pump  at  full  throttle  to  exactly  rated  speed. 
Turn  maximum  speed  screw  (top  screw)  of  MVS  governor 
in  until  fuel  manifold  pressure  starts  to  drop. 

From  this  point  one  turn  out  will  be  required  to  set  the  MVS 
governor  slightly  above  the  automotive  governor. 

Note:  This  adjustment  will  not  change  the  governor  check 
speed  as  the  MVS  governor  setting  is  higher  than  the  nor- 
mal automotive  governor  setting. 

With  the  MVS  governor  fuel  pumps  (used  with  Woodward 
Governor)  set  as  on  an  automotive  governor  with  MVS 
governor  except  for  the  following  adjustments. 

Set  the  automotive  governor  to  "go  dead"  ("governor 
'ireak"  or  "tjovc-rnur  cut  off")  40/60  rpm  above  rated  speed. 
Adjuat  this  as  usual  with  shims  behind  tho  governor  spring. 

Operate  pump  at  full  throttle  at  exactly  peak  manifold  pres- 
sure. Turn  top  screw  on  MVS  governor  in  until  manifold 
pressure  starts  to  drop  1-2  psi.  From  this  point  one  turn 
out  will  be  required  to  set  the  MVS  slightly  above  the  auto- 
motive governor. 

Note:  The  governor  check  speed,  at  a  given  pressure  (i.  e. 
40  psi),  should  be  a  maximum  of  123/127%  of  rated  speed 
if  the  rated  speed  is  2,000  rpm  or  below,  and  113/117%  max- 
imum if  the  rated  speed  is  above  2,000  rpm.  The  automotive 


a.  uneck  governor  setting  by  continuing  to  raise  pump  speed 
until  fuel  manifold  pressure  gauge  drops  off  to  40  psi  or  as 
indicated  by  "Governor  Setting  —  PSI  —  RPM"  in  the  cali- 
bration data.  Fig.  511-22. 

4.  At  the  pressure  in  Step  3,  check  tachometer  speed;  it 
should  be  within  tolerances  shown  as  rpm  by  "Governor 
Setting".  For  example:  2335  maximum  on  NH-220  pump. 

Note:  If  Step  1,  "Cut-Off  RPM",  is  correct,  do  not  change 
speed  in  Step  4,  this  is  a  check  point  only  indicating  no- 
load  speed,  but  if  excessively  high  investigate  for  governor 
plunger  wear  or  mal-function. 

E.  Set  Throttle  Leakage 

1.  Make  throttle  leakage  setting  on  pumps  with  front  throttle 
screw  fully  open. 

Note:  Make  sure  fuel  is  hot  when  setting  throttle  leakage. 

2.  Move  throttle  all  the  way  back  toward  gear  pump  and  hold 
firmly  against  Stop. 

3.  Open   leakage  valve   at   end   of  orifice   block   wide   open, 
close  main-flow  and  idle  valves. 

4.  Run  test  stand  speed  up  to  pump  rated  speed. 

5.  Place  hose  from  valve  at  end  of  orifice  block  into  200  cc 
glass  graduate.  Check  fuel  delivery  for  one  minute.  Do  not 
keep  at  this  setting  any  longer  than  absolutely  necessary. 
Fig.  511-23. 

6.  CC  delivery  should  be  as  specified  by  "Throttle  Leakage" 
in  the  calibration  data.  If  not  to  specifications,  screw  front 
throttle  stop  screw  in  or  out  until   cc  delivery  comes  to 
specifications.  This  setting  is  extremely  important  as  it  af- 
fects the  deceleration  time  of  the  engine.  All  pumps  must 
be  capable  of  attaining  15cc  minimum  leakage. 

7.  Check  leakage  with  light  and  heavy  lever  load.  If  leakage 
is  increased  by  additional  pressure  in  the  throttle  closed 


Fig.  511-22.  Check  governor  speed  at  pressure 
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Fig.  511-23.    Menura  throttle  i«»k«g« 
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Fig.  511-24.    Adjust  throttle  leakage  rate 
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Fig.  511-25.    PT  (type  G)  fuel  pump  cross-section 
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Fig.  511-26.    PT  (type  G  fuel  pump  with  SVS  governor 
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Fig.  511-27.    PT  (type  G)  fuel  pump  *'lh  MVS  9ov.mo. 


Fig.   511-28.    Adjust   fuel   pressure   al   idle 


position,  set  leakage  under  these  conditions.  If  leakai 
not  be  set  to  specifications,  fit  an  oversize  throttle  8 
the  sleeve. 
8.  Lock  screw  when  setting  is  correct  and  recheck. 

F.  Set  Idle  Speed 

1.  Close  throttle  leakage  valve,  close  main  flow  contn 
and  open  idle  orifice  valve. 

2.  Set  throttle  shaft  in  idle  position  (all  way  back  towa 
pump)  and  hold  firmly  against  stop. 

3.  Run  test  stand  up  to  speed  indicated  by  "Idle  Sp 
the  calibration  data.  With  SVS  Governor  the  govern 
must  be  in  high  speed  position  and  idle  is  adjusted 
ing  or  removing  shims  from  the  idle  spring. 

4.  Check  pressure  on  fuel  manifold  pressure  gauge,  i 
be  as  indicated  by  "Idle  Speed".  If  pressure  is  \o\ 


ible  511-3:  Torque  Springs  and  Specifications 

lit 
umber 

Color 
Code 

Wire 
Replaces           Diameter 

Number 
Coils 

Pounds            Inches 
Load        ^      Length 

Free 
Length 

;8768 

Red 

.044 

6.47 

3.00/3.20  @  .340 

.640/.660 

iS.'ijD 

Blue 

.044 

5.72 

3.60/3.84  @  .340 

.640/.660 

,3780 

Brown 

.044 

5.19 

4.20/4.48  @  .340 

.640/.660 

,0781 

Yellow 

.047 

5.57 

4.80/5.12  @  .340 

.640/.660 

18782 

Red/Blue 

.047 

5.17 

5.40/5.7'd  @  .340 

.640/.660 

I8763 

Red/Brown 

.051 

5.87 

6.00/6.40  @  .340 

.640/.660 

I81IJ- 

Red/Yellow 

.051 

5.52 

6.60/7.04  &  .340 

.640/.660 

19584 

Blue/Brown 

.051 

5.22 

7.20/7.68  @  .340 

.640/.660 

;9585 

Blue/Yellow 

.051 

4.75 

7.80/8.32  ®  .340 

.640/.660 

11)586 

Drown/Yellow 

.054 

5.41 

8.40/8.96  @  .340, 

.640/.660 

18785 

Red 

.044 

6.47 

2.50/2.70  @  .340 

.590/.610 

;t;7f|6 

Blue 

.044 

5.72 

3.00/3.24  @  .340 

.590/.610 

137d7 

Brown 

.044 

5.19 

3.50/3.78  @  .340 

.590/.610 

:8788 

Yellow 

.047 

5.57 

4.00/4.32  @  .340 

.590/.610 

.8Vf!9 

Red/Blue 

.047 

5.17 

4.50/4.86  @  .340 

.590/.610 

8790 

Red/Brown 

.051 

5.87 

5.00/5.40  @>  .340 

.590/.610 

8791 

Red/Yellow 

.051 

5.52 

5.50/5.94  @  .340 

.590/.610 

8792 

Blue/Brown 

.051 

5.22 

6.00/6.48  @  .340 

.590/.610 

9587 

Blue/Yellow 

.051 

4.75 

6.50/7.02  @  .340 

.590/.610 

9588 

Brown/Yellow 

.054 

5.41 

7.00/7.56  @  .340 

.590/.610 

8793 

Red 

.044 

6.47 

2.00/2.20  @  .340 

.540/.560 

8794 

Blue 

.044 

5.72 

2.40/2.64  (?p  .340 

.540/.560 

8795 

Brown 

.044 

5.19 

2.80/3.08  @  .340 

.540/.560 

8796 

Yellow 

.047 

5.57 

3.20/3.52  <si  .340 

.540/.560 

r;7o.7 

Rod/Blue 

.047 

5.17 

3.60/3.96  <<p  .340 

.540/.560 

'•.''?'.; 

Red  B.-L  WPI 

.051 

5.87 

4.00/4.40  <7t>  .340 

.540/.560 

••  ;--)9 

Red/Yellow 

.051 

5.52 

4.40/4.84  <o>  .340 

.540/.560 

8800 

Blue/Brown 

.051 

5.22 

4.80/5.28  @  .340 

.540/.560 

8801 

Blue/Yellow 

.051 

4.75 

5.20/5.72  @  .340 

.540/.560 

8802 

Brown/Yellow 

.054 

5.41 

5.60/6.16  @  .340 

.540/.560 

8803 

Red 

.044 

6.47 

1.50/1.70  @  .340 

.490/.510 

8804 

Blue 

.044 

5.72 

1.  80/2.04  ®  .340 

.490/.510 

8805 

Brown 

.044 

5.19 

2.1  0/2.38  @.  340 

.490/.510 

8993 

Yellow 

.047 

5.57 

2.40/2.72  @  .340 

.490/.510 

8994 

Red/Blue 

.047 

5.17 

2.70/3.06  @  .340 

.490/.510 

8995 

Red/Brown 

.051 

5.87 

3.00/3.40  ®  .340 

.490/.510 

8996 

Red/Yellow 

.051 

5.52 

3.30/3.74  ®  .340 

.490/.510 

8997 

Blue/Brown 

.051 

5.22 

3.60/4.08  @  .340 

.490/.510 

8998 

Blue/Yellow 

.051 

4.75 

3.90/4.42  ®  .340 

.490/.510 

8999 

Brown/Yellow 

.054 

5.41 

4.20/4.76  @  .340 

.490/.510 

2698 

White/Brown 

.035 

6.73 

1.1  6/1  .24®.  350 

.640/.660 

2697 

White/Yellow 

.041 

7.72 

1.74/1.86((p  .350 

.640/.660 

2696 

White/Blue 

.041 

6.29 

2.32/2.48  @  .350 

.640/.660 

2701 

White/Brown 

.035 

6.73 

0.96/1  .04  (TO  .350 

.590/.610 

2700 

White/Yellow 

.041 

7.72 

1.44/1.56  @  .350 

.590/.610 

2699 

White/Blue 

.041 

6.29 

1.  92/2.08  @.  350 

.590/.610 

2704 

White/Brown 

.035 

6.73 

0.76/0.84  @  .350 

.540/.560 

2703 

White/Yellow 

.041 

7.72 

1.14/1.26®  .350 

.540/.560 

2702 

White/Blue 

.041 

6.29 

1.52/1  .68®.  350 

.540/.560 

2707 

White/Brown 

.035 

6.73 

0.56/0.64  @  .350 

.490/.510 

2706 

White/Yellow 

.041 

7.72 

0.84/0.96  @  .350 

.490/.510 

2705 

White/Blue 

.041 

6.29 

1.12/1.28  @  .350 

.490/.510 

2843 

White/Blue 

.041 

6.29 

3.92/4.08  @  .350 

.840/.860 

2844 

Red 

.044 

6.47 

4.90/5.10®.  350 

.840/.860 

2845 

Blue 

.047 

6.76 

5.88/6.12  @  .350 

.840/.860 

2846 

Brown 

.047 

6.08 

6.86/7.14  @  .350 

.840/.860 

2850 

White/Blue 

.041 

6.29 

3.52/3.68  @  .350 

.790/.810 
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ran 
Number 

L,olor 
Code 

Wire 
Diameter 

Number 
Coils 

Pounds           Inches 
Load        @     Length 

Free 
Length 

142851 
142852 

Red 
Blue 

.044 

6.47 

4.40/4.60  @  .350 

.790/.810 

142853 
142854 
142855 
142857 
142858 
142859 
142860 
142861 
142862 
142863 
142864 

Brown 
Yellow 
Red/Blue 
White/Blue 
Red 
Blue 
Brown 
Yellow 
Red/Blue 
Red/Brown 
White/Blue 

.047 
.047 
.047 
.051 
.041 
.044 
.047 
.047 
.047 
.051 
.051 
.041 

6.76 
6.08 
5.57 
6.30 
6.29 
6.47 
6.76 
6.08 
5.57 
6.30 
5.87 
6.29 

5.28/5.52  @  .350 
6.16/6.44  @  .350 
7.04/7.36  @  .350 
7.92/8.28  @  .350 
3.  12/3.28  @  .350 
3.90/4.1  0@  .350 
4.68/4.92  @  .350 
5.46/5.74  @  .350 
6.24/6.56  @  .350 
7.02/7.38  @  .350 
7.80/8.20  @  .350 
2.72/2.88  @  .350 

.790/.810 
.790/.810 
.790/.810 
.790/.810 
.740/.760 
.740/.760 
.740/.760 
.740/.760 
.740/.760 
.740/.760 
.740/.760 
.690/.710 

142865 

Red 

.044 

5.47 

3.40/3.60  @  .350 

.690/.710 

142866 

Blue 

.047 

6.76 

4.08/4.32  @  .350 

.690/.710 

142867 

Brown 

.047 

6.08 

4.76/5.04  (ii)  .350 

.690/.710 

142868 

Yellow 

.047 

5.57 

5.44/5.76  <?p  .350 

.690/.7K) 

142869 

Red/Blue 

.051 

6.30 

6.1  2/6.48  @  .350 

.690/.710 

142870 

Red/Brown 

.051 

5.87 

6.80/7.20  @  .350 

.690/.710 

Table  511-4: 

MVS  and  SVS 

Governor  Springs  and  Specifications 

Part 

Color 

Wire 

Number 

Pounds    (jj     Inches 

Free 

Number 

Code 

Diameter 

Coils 

Load               Length 

Length 

143849 

Yellow  (Idle) 

.025 

9 

2.38/2.62  @  .325 

.63S/.665 

153240 

None  (Idle) 

.044 

5.5 

4.1  0/3.70  @.  295 

.415/.445 

109690 

Pink 

.080 

8 

18.5/15.1  @1.12 

1.  436/1  .35f 

109689 

Gray 

.080 

8.5 

16.3/1  3.3  @  1.12 

1.424/1.34. 

109688 

Brown 

.080 

9 

14.1/11.5  @  1.12 

1.410/1.331 

70822 

Green 

.080 

9.5 

1  2.65/1  0.25  @  1.1  2 

1.398/1.311 

109687 

Yellow 

.080 

10 

11.2/9.2  @  1.12 

1.387/1.30' 

109686 

Blue 

.072 

8.5 

8.03/6.57  @  1.1  2 

1.358/1.271 

70821 

Red 

.072 

10 

8.91/7.29(0)  1.12 

1.435/1.35! 

107787 

Yellow/Blue 

.072 

12.5 

8.75/7.45  @  1.12 

1.522/1.44! 

101002 

White 

.063 

11 

6.43/5.47  @  1.12 

1.554/1.47. 

110461 

Purple 

.063 

12.5 

5.72/4.88  <ft  1.12 

1.568/1.481 

110460 

Orange 

.063 

14.5 

4.97/4.23  @  1.12 

1.578/1.491 

105422 

Black 

.054 

11.5 

3.35/2.85  @  1.1  2 

1.548/1.461 

118128 

Black/White 

.054 

14 

2.42/2.84  @  1.1  2 

1.598/1.511 

idle  adjusting  screw  in;  this  screw  is  located  inside  gover- 
nor spring  pack  housing.  To  lower  pressure  back  out  screw. 
For  example:  10  psi  at  500  rpm  on  NH-220  fuel  pump. 

Note:  In  rare  cases  it  may  be  necessary  to  add  extra 
washers  on  the  spring  end  of  the  idle  screw,  if  screw  bot- 
toms in  guide  and  pressure  is  still  low. 

5.  Setting  MVS  idle  speed. 

When  setting  idle  on  MVS  governor  pump  (with  restriction 
plunger  in  throttle  shaft)  set  automotive  governor  as  above 
then  put  throttle  in  full  throttle  position,  move  the  MVS 
throttle  to  idle  position  and  set  at  same  idle  speed  as  the 
automotive  governor. 


a. 


Note:  Put  slight  finger  pressure  on  MVS  lever  while  se1 
ting  idle  speed.  Lock  idle  screw  immediately  after  to  pre 
vent  air  entrainment. 

b.  When    setting    idle    on    MVS    governor    pump    with    stu 
throttle  shaft: 

(1)  Back  out  the  automotive  idle  governor  screw  until   it  ju< 
clears  the   retaining   clip.  This   can   easily   be  felt   as   th 
screw  no  longer  has  a  positive  resistance  to  rotation  froi 
the  spring  clip. 

(2)  Then  set  MVS  lever  in  idle  position  and  adjust  rear  MV 
screw  until  the  idle  pressure  is  10-12  psi  above  the  require 


511-29.    Adjusting   automotive   governor   idle 
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511-30.    Adjusting   MVS  governor  idle 
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Code 
No. 

Part 
No. 

Counterbore 
Diameter 

5 

141623 

.2085/.2115 

7 

141624 

.21  35/  .21  65 

10 

141625 

.2185/.2215 

12 

141626 

.22357.2265 

15 

139894 

.2285/.2315 

17 

140417 

.23357.2365 

20 

141629 

.2385/.2415 

22 

141630 

.2435/.246S 

25 

141631 

.2485/.2515 

27 

141632 

.25357.2565 

30 

141633 

.2585/.2615 

32 

141634 

.26S5/.2665 

35 

140922 

.2685/.2715 

37 

140418 

.27357.2765 

40 

137370 

.2785/.2815 

42 

140923 

.28357.2865 

45 

138862 

.2885/.2915 

47 

140924 

.29357.2965 

50 

140925 

.2985/.3015 

52 

139618 

.3035/.3065 

55 

139619 

.3085/.3115 

57 

140926 

.3135/.3165 

60 

140927 

.3185/.3215 

62 

141636 

.32357.3265 

65 

141637 

.3285/.3315 

67 

141638 

.3335/.3S65 

170 

145947 

.3385/.3415 

172 

145948 

.34357.3465 

175 

145949 

.3485/.3515 

177 

145950 

.3535A3565 

180 

145951 

.3585/.3615 

182 

145952 

.3635A3665 

185 

145953 

.3685/.3715 

187 

145954 

.S735/.3765 

190 

145955 

.3785/.3815 

192 

145956 

.38357.3865 

195 

145957 

.3885/.3915 

197 

145958 

.39357.3965 

200 

145959 

.39857.4015 

202 

145960 

.4035/.4065 

205 

145961 

.40857.4115 

207 

145962 

.41357.4165 

210 

145963 

.41857.4215 

212 

145964 

.42357.4265 

215 

145965 

.42857.4315 

217 

145966 

.43357.4365 

220 

145967 

.43857.4415 

222 

145968 

.44357.4465 

225 

145969 

.44857.4515 

227 

145970 

.45357.4565 

230 

145971 

.45857.4615 

232 

145972 

.46357.4665 

235 

145973 

.46857.4715 

237 

145974 

.47357.4765 

511-31.     Adjusting   SVS   governor  idle 


specifications,  lock  idle  screw  immediately  after  adjustment 
is  made  to  prevent  air  entering  system. 

Note:  Be  sure  to  retain  all  the  1Yi  inch  outside  diameter 
shims  between  the  governor  barrel  and  the  adapter  plate. 
If  any  are  lost,  the  following  procedure  must  be  followed; 
remove  "O"  ring  seals  from  adapter  plate  and  hold  with 
spring  pack  housing  installed  in  position  against  governor 
housing  and  barrel.  Place  enough  shims  against  the  barrel 
until  there  is  .003  to  .006  inch  between  the  housing  and 
adapter  plate  while  held  in  position  by  hand  pressure.  In- 
stall "O"  ring  seal  and  reassemble. 

(3)  Adjust  th'e   automotive   idle   governor   screw   until  the   re- 
quired idle  pressure  is  obtained. 

Note:  The  MVS  idle  adjustment  pressure  is  decreased  as 
the  automotive  idle  screw  is  adjusted  inwardly  due  to  in- 
creasing gear  pump  pressure.  This  puts  the  governor  in  the 
most  stable  range  of  idle. 

6.  Run  pump  until  purged  of  air  each  time  pipe  plug  is  re- 
moved to  adjust  idle  screw,  before  rechecking  pressure. 

Note:  If  you  have  an  early  governor  controlled  fuel  pump 
which  has  a  starting  groove  in  the  governor  plunger  (%4 
wide)  do  not  exceed  700  rpm  idle  setting  on  pump. 

Close  the  idle  orifice  valve  and  open  the  main-flow  valve. 

G-1.  Adjust  Fuel  Manifold  Pressure  With 
Internal  Throttle  Shaft  Plunger 

1.  Place  throttle  in  full  fuel  position.  If  MVS  or  SVS  governor 
is  used,  the  governor  levers  must   be  in  maximum  speed 
position. 

2.  Run  test  stand  speed  up  to  rated  speed  of  pump  as  indi- 
cated by  "Fuel  Manifold  Pressure"  in  the  calibration  data. 
For  example:  2100  rpm  on  NH-220  pump. 

3.  Adjust  fuel  flow-meter  to  specified  flow  in  calibration  data. 
Check  fuel  pressure  on  fuel  manifold  pressure  gauge. 

4.  To  adjust  pressure  to  specifications,  stop  test  stand  and 
remove  the  throttle  shaft.  Fig.  511-32. 

Note:  All  previous  settings  are  made  with  the  port  fully 
open. 

5.  Remove    shims    from    the    restriction    plunger    inside    the 
throttle  shaft  and  replace  assembly  in  fuel  pump.  Reset  suc- 
tion restriction  valve  to  5"  Hg.  after  setting  internal  throttle 
restriction.  Repeat  pressure  check  and  continue  to  remove 
or  add  shims  until  pressure  indicated  is  3  to  6  psi  above 
"Fuel  Manifold  Pressure"  value  stated.  For  example:  The 
chart  shows  140  psi  at  2100  rpm  on  the  NH-220  fuel  pump, 
therefore  set  the  pump  at  143/146  psi  at  2100  rpm. 

a.  After  each  adjustment  reset  flow  as  specified  in  calibration 
data,  while  maintaining  vacuum  at  5"  Hg. 

b.  If  throttle  shaft  does  not  contain   the  restriction  plunger, 
turn  pump  rear  throttle  screw  until  fuel  manifold  pressure 
and  pump  rpm  is  as  indicated  by  "Fuel  Manifold  Pressure" 
in  the  calibration  data.  Lock  throttle  rear  screw  in  place. 
An  NH-220  pump  at  this  point  will  show  140  psi  at  2100  rpm 
at  425  #/hr. 

c.  On  engines  with  hydraulic  governors  or  other  throttle  lever 
travel  requirements  the  fuel  pump  throttle  shaft  calibration 
Steps  G-1  and  G-2  are  reversed  as  follows. 


Fig.  511-32.     Removing  shims   from   restriction  plunger 
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Fig.  511-33.    Final  fuel  manifold  pressure  adjustment 
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(1)  Turn  in  rear  throttle  screw  (Step  G-2  on  automotive  fuel 
pump)  until  the  required  throttle  lever  travel  is  accom- 
plished. Lock  rear  screw. 

Note:  Do  not  adjust  front  throttle  stop   screw  to   set 
throttle  lever  travel. 

(2)  Perform  Step  G-1   and  adjust  throttle  shaft   restriction 
plunger  by  shims  until  pressure  indicated  by  "Fuel  Man- 
ifold Pressure"  is  reached.  Recheck. 

G-2.  Adjust  Final  Fuel  Manifold  Pressure  With 
Rear  Throttle  Screw 

After  Step  G-1,  where  throttle  shaft  contains  the  internal 
restriction  plunger,  with  pump  running  at  speed  indicated 
by  "Fuel  Manifold  Pressure",  turn  in  rear  throttle  screw  un- 
til fuel  pressure  is  reduced  to  value  indicated.  Fig.  511-33. 
Lock  screw  in  place.  (At  this  point  an  NH-220  pump  will 
show  140  psi  at  2100  rpm  at  425  #/hr.) 


Steps  G-1  and  G-2  are  both  necessary  to  properly  position 
:he  rear  throttle  screw  where  the  throttle  shaft  contains  the 
nternal  restriction  plunger.  For  pumps  without  the  plungers, 
see  Step  5-B  under  Step  G-1  only. 

Recheck  governed  speed  and  pressures  per  Step  "D". 

ror  Marine  SVS  Governor  applications  lock  automotive 
;hrottle  in  full  open  position  at  end  of  this  adjustment,  if 
jsed  with  overspeed  stop. 

-).  Compare  Check  Point  Pressures 

deduce  speed  to  engine  rated  speed  in  calibration  data. 
3heck  to  make  sure  flow  is  set  as  specified  (425  #/hr.  at 
MOO  rpm  on  NH-220). 

Deduce  speed  to  that  specified  by  "Check  Point  1"  in  the 
:alibration  data.  For  example:  1600  rpm  on  NH-220  pump. 

Dheck  pressure  at  fuel  manifold  pressure  gauge,  "Check 
3oint"  pressure  should  be  within  the  range  indicated.  For 
sxample:  108/114  on  an  NH-220  pump.  Fig.  511-34. 

If  the  pressure  is  above  or  below  range,  check  the  torque 
spring  on  the  governor  plunger;  it  may  not  be  seated,  im- 
aroperly  shimmed,  or  the  wrong  spring.  See  part  number 
ndicated  in  calibration  data;  if  spring  is  changed,  recali- 
brate fuel  pump.  Check  weight  assist  protrusion  or  pres- 
sure to  determine  if  it  is  influencing  the  check  point  pres- 


Reduce  speed  to  that  specified  by  "Check  Point  2"  in  the 
:alibration  data.  If  out  of  specifications  adjust  weight  as- 
sist but  maintain  pressure  indicated  at  800  rpm  under 
'Weight  Assist"  following. 


:ig.  511-34.    Check  point   pressure  readings  F5116 

.  Weight  Assist  Pressure  Check 

Phis  check  applies  to  fuel  pumps  with  the  governor  weight 
issist  plunger  and  is  used  as  a  check  to  make  sure  shim- 
ning  is  correct  which  will  affect  the  engine  low  speed 
orque  If  not  performed  correctly.  Fig.  511-35. 

decrease  pump  speed  to  800  rpm. 


Fig.  511-35.    Check  weight  assist  effect 
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2.  The    fuel    manifold    pressure    should    be    as    specified    by 
"Weight  Assist"  in  the  calibration  data.  For  example:  36/42 
psi  at  800  rpm  on  NH-220  fuel  pump. 

3.  If   fuel    pressure    is    low,    add    shims    below   the   governor 
weight   assist   plunger   in   the   governor  weight   carrier.  To 
decrease  pressure  remove  shims.  If  shims  are  added  or  re- 
moved, recheck  entire  pump  calibration. 

Caution:  Weight  assist  plunger  must  be  installed  with  the 
smallest  end  to  governor  weights. 

4.  With  SVS  or  MVS  governors   (used  with   power  take  off) 
raise  fuel  pump  speed  to  the  intermediate  speed  and  move 
governor  lever  to  low  speed  position  and  adjust  low  speed 
screw  to  obtain  power  take  off  speed,  if  required. 

J.  Cleaning  Flowrators 

Under  normal  operating  conditions,  a  brown  varnish  like 
coating  can  build  up  on  the  inside  of  the  fuel  pump  test 
stand  flowrator.  This  coating  can  seriously  affect  the  ac- 
curacy of  the  flowrator,  plus  make  it  difficult  to  read. 

1.  Remove  complete  flowrator  from  the  fuel  pump  test  stand. 
Do  not  remove  tube  from  casing. 

2.  Mix  250cc  of  warm  water  and  25cc  of  99045-84  cleaner. 

3.  Plug  the  top  end  of  the  flowrator  and  using  a  funnel,  pour 
the  cleaning  mixture  in  the  flowrator  from  the  bottom  end. 

4.  Gently  tip  the  flowrator  back  and  forth  to  agitate  the  liquid 
until  the  varnish  like  coating  dissolves. 

5.  Pour  out  the  cleaner  and  rinse  once  with  warm  water  and 
once  with  fuel  oil. 

6.  Assemble  the  flowrator  to  the  test  stand. 
Recheck  Specifications 

1.  When  a  PT  (Type  G)  fuel  pump  is  calibrated  on  one  test 
stand  and  rechecked  on  another  test  stand,  the  calibration 
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Calibration  With  Flow-meter 
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values  may  vary.  This  can  occur  because  test  stands  are 
not  exactly  alike,  due  to  manufacturing  tolerances,  gauge 
tolerances,  test  oil  viscosity  variations,  etc. 

2.  This  variance  can  also  occur  when  a  pump  is  adjusted  on 
the  engine  and  then  checked  on  a  test  stand. 

3.  The  current  Calibration  Unit  program  is  aimed  at  reducing 
test  stand  variations  to  an  acceptable  limit  of  ±2  PSI  from 
a  given  base  line  by  correcting  gauging  and  plumbing  er- 
rors and  checking  procedures. 

4.  A  tolerance  has  been   established   on   fuel  pump   calibra- 
tion values  for  rechecking  pump:  (A)  On  another  fuel  pump 
test  stand  or;  (B)  On  any  fuel  pump  test  stand  after  it  has 
been  calibrated  on  a  test  stand  and  then  readjusted  on  en- 
gine. These  tolerances  are  listed  on  the  following  pages. 

5.  if  fuel  pump  is  not  within  the  tolerances  listed  under  "B" 
above,  one  or  more  of  the  following  is  indicated. 

a.  Inje'ctors  are  not  properly  calibrated  and/or  installed  and/ 
or  adjusted. 

b.  Intake,  exhaust  or  fuel  suction  restrictions  are  excessive. 

c.  Engine   has   incorrect   components  for   the   particular   fuel 
pump   calibration   involved.    (Injector   cups,   camshaft,    pis- 
tons, etc.) 

d.  Pump  was  adjusted  on  engine  to  give  other  than  specified 
fuel  manifold  pressure  and  fuel  rate. 

c.  Test  stand  used  for  the   recheck  is  not  within  acceptable 
limits. 


Pump  Specifications 

1.  GOVERNOR  CUTOFF  R. P.M.  —  Governor  cutoff  R.P.M.   is 
defined  as  the  RPM  where  the  manifold  pressure  starts  to 
decrease  from  the  maximum  observed  pressure  as  speed 
is  increased. 

a.  Recheck  from  one  test  stand  to  another;  cutoff  speed  can 
vary  ±  10  RPM  from  published  cutoff  point,  (i.e.;  2520-2540 
RPM  cutoff  speed,  reflow  can  be  2510-2550  RPM). 

b.  Recheck  from  engine  test  to  test  stand;  cutoff  speed  can 
be  from  rated  speed  to  50  RPM  above  rated  speed,  (i.e.; 
rated  speed  2500  RPM,  cutoff  speed  at  reflow  can  be  2500- 
2550  RPM). 

2.  40  PSI  GOVERNOR  CHECK  POINT  — The  40  PSI   gover- 
nor check  point  is  obtained  by  increasing  the  pump  speed 
beyond  governor  cutoff  RPM   until   manifold   pressure   de- 
creases to  40  PSI.  Recheck  from  one  test  stand  to  another 
or  from  tested  engine  to  test  stand  can  be  10  RPM  above 
the  published  speed,  (i.e.;  governor  check  speed  2685  RPM 
can  be  2695  RPM  at  reflow). 

3.  THROTTLE  LEAKAGE  — Throttle  leakage  is  set  with  throt- 
tle lever  held  firmlv  closed.  The  oumo  is  operated  at  rated 


4.  IDLE  SPEED  MANIFOLD  PRESSURE 

a.  Recheck  from  one  test  stand  to  another;  manifold  pres 
can  vary  ±10%  from  specifications  or  ±  1   PSI,  whicl' 
is  larger,  (i.e.;  20  PSI  @  500  RPM  can  be  18-22  PSI -a 
check;  3  PSI  <rp  500  RPM  can  be  2-4  PSI  at  recheck). 

b.  Recheck    after   engine   adjustment;   manifold    pressure 
vary  ±30%   from   specifications,    (i.e.;  20    PSI  (TO  500 
can  be  14-26  PSI  at  recheck). 

5.  MANIFOLD  PRESSURE  AT  RATED  SPEED 

a.  Recheck  from  one  test  stand  to  another;  manifold  pre: 
can  vary  ±2  PSI  from  published  specifications,   (i.e. 
PSI  manifold  pressure  can  be  124-128  PSI  at  reflow). 

b.  Recheck    after   engine   adjustment;    manifold    pressure 
vary  same  as   on  engine  fuel   pressure  tolerance   plu 
additional  ±  2  PSI.  (i.e.;  if  engine  pressure  specificati. 
114-126  PSI  or  ±  6  PSI  the  tolerance  for  manifold  pres 
at   recheck  is   (±6)    +    (±  2)  --  ±  8    PSI.    Then    126 
manifold  pressure  can  be  118-134  PSI  at  reflow). 

6.  MANIFOLD  PRESSURE  CHECK  POINT  —Recheck  p 
at  rated  speed  and  obtain  exact  manifold  pressure  per 
ibration  specification  by  adjusting  flow  control  valve. 

I.  First  check  point  can  vary  ±  1  PSI  from  published  spi 
•     cations,  (i.e.;  100-106  PSI  @  2000  RPM  can  be  99-107 

at  reflow). 

II.  Second  check  to  be  as  follows: 

a.  If  pump  checks  +  1   PSI  at  first  check  point,  it  must  I 
published  minimum  specifications  to  -|- 1    PSI  above 
lished  maximum  specifications  at  second  check  point. 
75-81  PSI  @1500  RPM  can  be  75-82  PSI  at  recheck). 

b.  If  pump  checks  —1   PSI  at  first  check  point,  it  must  I 
published   maximum   to  — 1    PSI    below  published   mini 
specifications  at  second  check  point,  (i.e.;  75-81  PSI  (<? 
RPM  can  be  74-81  PSI  at  recheck). 

c.  If  pump  checks  within  the  published  tolerance  at  first  c 
point  it  must  check  within  the  published  tolerance  at 
ond  check  point. 

7.  MANIFOLD    PRESSURE    AT   WEIGHT    ASSIST    Ch 
POINT — Recheck  of  the  manifold  pressure  at  the  w 
assist  check   point   can  vary  ±  1    PSI   from   the   publ 
specification,  (i.e.;  35-41  PSI  manifold  pressure  can  be 
PSI  at  reflow). 


e  511-6:  Calibration  Recheck  Specifications 


Recheck  A — One 
test  stand  to 
another 


Recheck  B — Tested 
and  readjusted  on 
engine  to  fuel  pump 
test  stand 


ernor  Cut-Off     ±10  RPM  from 
I  published  values 


Rated  speed  to 
50  RPM  above 
rated  speed 

ifold  pressure    ±10%  or  ±1  PSI       ±30%  from 
le  speed  which  ever  is  published  value 

larger 


ifold  pressure    ±2  PSI  from 
ted  speed  published  value 


Same  variance  as  on 
engine  manifold 
pressure  tolerance 
plus  an  additional 
±2  PSI 


SI  governor        +10  to  — 0  RPM  from  published  value. 
:k  point 

ittle  Leakage      ±15cc  from  published  value. 


I  manifold 
:sure  check 
t 

ond  manifold 
isuro  check 

it 


ifold  pressure 
/t.  Assist 
:k  point 


±1  PSI  from  published  values.  Rated 
speed  manifold  pressure  must  first  be 
to  spec,  by  adjusting  flow  valve. 

A.  If  first  check  point  is  -f-1   PSI,  sec- 
ond   check   point   to    be    from    pub- 
lished min.  spec,  to  -|-1    PSI   above 
published   max. 

B.  If  first  check  point  is  — 1    PSI,  sec- 
ond   check   point    to    be    from    pub- 
lished max.  spec,  to  — 1    PSI   below 
published  min. 

C.  If   first   check   point    is    within    pub- 
lished   spec,    second     check    point 
must  be  within  published  spec. 

±1    PSI  from  published  value. 


j!  Pump  Trouble  Shooting  With 
-775  or  ST-848 

;  portion  of  the  manual  should  be  fully  understood   by 
Fuel    Pump    Test    Stand    Operator,    and    through    this 
wledge  he  should  be  able  to  produce  a  properly  cali- 
:ed  Fuel  Pump. 

I  Pump  calibration  on  the  ST-848  Fuel  Pump  Test  Stand 
ibined  with  injector  calibration  has  produced  wide- 
3ad  acceptance  of  fuel  system  accuracy.  There  have 


been  reports  of  erratic  results,  but  investigations  have  re- 
vealed that  the  cause  for  such  problems  fall  into  three  ba- 
sic categories:  (1)  Mechanic  and/or  Tester  Error,  (2)  In- 
strumentation Errors  or  (3)  Maintenance  Status. 

1.  Mechanic  and/or  Tester  Error 

a.  Misapplication  of  specifications  and  parts: 

(1)  Calibrating  a  specific  fuel  pump   model   to  the  wrong 
value. 

(2)  Calibrating  a  specific  injector  model  to  the  wrong  flow 
value. 

(3)  Lack,  of   familiarity   with    this    bulletin    and/or    Bulletin 
No.'s.  983505,  983533  or  983536. 

(4)  Use  of  camshaft  and  pistons  other  than  those  shown  in 
fuel  pump  calibration  specifications. 

Note:  Pistons,  camshafts  and  injectors  are  sometimes 
superceded  by  others  requiring  a  different  calibration. 

(5)  Use  of  wrong  injector  assemblies  in  a  specific  engine 
model. 

(6)  Use  of  governor  and  torque  springs  other  than  those 
specified  in  fuel  pump  calibration  data. 

b.  Engine  Test 

(1)  Restricted  intake  air  in  engine. 

(2)  Excessive  exhaust  back  pressure. 

(3)  Restricted  fuel  supply  to  engine. 

(4)  Aerated  fuel  supply  to  engine. 

(5)  Excessive  high  oil  level  ^n  engine  crankcase. 

(6)  Incorrect  injector  adjustment. 

(7)  Dirt  entering  balance  orifice. 

2,  Instrumentation  Errors 

a.  Erroneous  fuel  manifold  pressure  gauges  on  engine  and/or 
chassis  dynamometer. 

b.  Erroneous  flow-meters. 

c.  Erroneous  dynamometer  load  indicators. 

d.  Incorrect  tachometer. 

3.  Neglect  of  Maintenance 

a.  Use  of  hose  lengths,  diameters  and  resiliencies  other  than 
those  which  are  specified. 

b.  Fuel  routing  which  is  not  to  specifications. 

c.  Filter  assemblies  which  have  a  different  dampening  effect 
on  the  system. 

d.  Critical  components  of  the  test  stand  such  as  check  valve, 
gauge  and  hydraulic  injector  clamping  poorly  maintained. 

e.  Failure  to  make  checks  with  master  ST-768  gauge  snubbers. 


Calibration  With    How-metci 


Complaint  and  Corrections 

Charted  on  the  following  pages  are  the  complaints,  showing 
the  items  to  check  for  correction  of  the  complaints  if  the 
Fuel  Pump  Test  Stand  has  been  properly  maintained  leav- 


ing no  Test   Stand  error.   Each   check  is 
may    go    immediately    to    the    tabulated 
causes  and   corrective  action   as  nuci'-.s 


No.  1   Complaint 
Gear  Pump  will  not  pick  up  iuel  at  450  RPM 

l~ 

i 

I                                                              I 

Check  1 
Openings  Sealed 

Check  2 
Suction  Connection 

Check  3 
Idle  Plunger 

Chock  ' 
I       Governor  Pli 

I  

r~—  

Check  5 
Passages  Blocked 

I 
Check  6 
Governor  Assembly 

Check  7 
Pump  Direction 

-I                   n-  a  - 
Cru-<:k  8 

[            Flow  Valv 

. 

| 

I 

Check 
Shut-Down 

9                                               Check  10                                                  C 
Va've                                    Gear  Pump                                         Driv< 

heck  11             1 
i  Coupling 

Cause 

Check  1:  Openings  not  sealed  correctly. 

Check  2:  Suction  connection  is   not  tight  or  is  damaged. 
Check  3:  Idle  Plunger  dirty. 
Idle  Plunger  worn. 

Check  4:  Governor  Plunger  dirty. 
Governor  Plunger  worn. 

Check  5:  Blocked  fuel  passages. 
Check  6:  Faulty  governor  assembly. 
Check  7:  Pump  turning  wrong  direction. 
Check  8:  Flow  valve  not  open. 
Check  9:  Shut-down  Valve  not  open. 
Check  10:  Gear  pump  worn. 

Chork  11-  rVii/o  /%m.nl;nn  «.-.•  :-  »»L 


Correction 

Seal  all   openings  and   ur.n  now  r|,-tski;ls  wlirn-  urn 

Tighten  suction  connection  or  rupfaij!  if  nmtil.tlcil 

Check   face   of    Idle    Pluncjor    (|>rn';Mir<>   conlml   hull 
any  foreign  material. 

Change    Idle    Plungor    1o    yivo    a    squares    fit   with    y. 
plunger   (use  same   Idle   Plunger  code  numhor). 
Clean  Idle  Plunger  mating  face  of  forokjn  nuitorinl 

Change   Governor  Plunger  to   givn   n  f;qu«rc>   fit  wi 
Plunger. 

Clean  fuel  passages  so  they  arts  all  open. 
Check  governor  assembly  for  pmptir  assembly. 

Check   pump   for   right   or   left   hand   rotation   find   s 
stand  accordingly. 

Open  test  stand  flow  valve  to  allow  fuel  to  enter  <J««H, 
Open  shut-down  valve  on  top  of  funl  pumt) 
Replace  gear  pump  if  it  will  not  deliver  required  flo1 


Check  1 
Front  Seat 


No.  2  Complaint 
Fuel  will  not  clear  in  the  utiain  flowrator  due  to  air  leak 


Check  2 
Suction  Connection 


Check  5 
Fuel  Level 


Check  3 
Shut-off  Valve 


Check  4 
Tachometer  Seals 


Check  6 
Throttle  Shaft 


Cause 


Correction 


"heck  1:  Front  Seal  leakage.  This  can  be  determined  by 
:overing  "weep  hole"  in  front  cover  with  Lubriplate  which 
stops  air  entrainment. 

2heck  2:  Suction  connection  not  tight  or  is  damaged.  This 
;an  be  determined  by  pouring  lube  oil  over  suction  con- 
lection. 


Remove    fuel    pump    from    test    stand    then    remove    front 
cover  and  install  new  seals  in  cover. 


Tighten  suction  connection  or  replace  if  mutilated. 


3heck  3:  Shut-off  Valve  leaking  air.  Leakage  past  shut-off 
jverride  shaft  "O"  ring  or  past  main  housing  "O"  rings. 

Dheck  4:  Tachometer  drive  seals  leaking.  Check  by  pour- 
ng  lube  oil  over  tachometer  drive  housing. 


5:  Fuel  level  in  test  stand  reservoir  low. 


Replace  "O"  rings  which  leak  when  lube  oil  is  poured  over 
shut-off  valve  "O"  ring  cavities. 

Remove  fuel  pump  from  test  stand  and  disassemble  pump 
enough  to  replace  tachometer  drive  oil  seal  in  main  hous- 
ing- 
Fill  fuel  reservoir  with  Cummins  test  oil. 


2heck  6:  Throttle  shaft  "O"  rings  or  housing  leakage  can 
>e  determined  by  pouring  fuel  oil  over  housing. 


Replace  "O"   ring   on  throttle   shaft  or  replace   housing   if 
leaking. 


No.  3  Complaint 
Governor  cannot  be  adjusted  correctly  at  breaking  point 

I                                       I 

I 

Check  1 
Governor  Spring 

Check  2 
Governor  Weights 

Check  3 
Governor  Plunger 

Check  4 
Governor  Barrel 

Check  5 
Spring  Pack 


Check  6 
Gasket 


Cause 

Check  1:  Governor  Spring  incorrect  due  either  to  wear  or 
ncorrect  Governor  Spring. 


Correction 

Replace  spring  if  worn  beyond  limits  listed  in  Table  511-2. 


Dheck  2:  Loose  or  broken  weights.  Broken  weight  pins  or  Replace  with  new  parts  as  necessary. 

:arrier. 


3overnor  weights  incorrect  for  that  specific  pump. 


Governor  weights  should  be  installed  of  the  correct  weight 
(heavy  or  shaved). 


Check  3:  Governor  plunger  improper  fit  in  governor  Barrel. 


Sheared  governor  plunger  drive  tangs. 


Refit  the  governor  plunger  to  the  Barrel.  This  usually  re 
quires  a  plunger  one  or  two  classes  larger  than  previousl 
used  and  must  be  lapped  to  fit  with  No.  80  fine  grit  lappim 
compound.  Remove  all  lapping  compound  after  use. 

Replace  drive  tangs  on  plunger  assembly. 


Check  4:  Governor  Barrel  not  located  in  housing  correctly, 
preventing  fuel  passages  from  lining  up. 


Line  up  the  fuel  passages  as  not  to  restrict  fuel  flow.  Thi 
may  be  done  by  heating  housing  in  oven  nt  300  F.  and  10 
moving  Barrel  and  then  reinstalling  in  housing. 


Governor  barrel  not  pinned  into  position. 


Check  5:  Spring  pack  lock  ring  out  of  position. 


Make  sure  fuel  passages  are  lined  up  and   install   pin   int 
governor  barrel. 

Lock  ring  must  be  in  groove  to  correctly  adjust  governor. 


Check  6:  Gasket  leakage  between  fuel  pump  housing  and 
gear  pump. 


Gasket   should   be   replaced   or   relocated.    Correct    cjaskc 
must  be  used. 


No.  4  Complaint 
40  PSI  check  point  cannot  be  obtained   within  specified  maximum  speed  limits 


Check  1 
Governor  Plunger 


Check  2 
Governor  Barrel 


Check  3 
Springs 


Check  4 
Weights 


Cause 

Check  1:  Governor  plunger  has  wrong  chamfer  or  has  worn 
chamfer. 

Check  2:  Governor  Barrel  and  plunger  incorrect  fit. 
Check  3:  Governor  or  Torque  Springs  incorrect. 

Check  4:  Governor  weight  incorrect  or  weight  assist  setting 
incorrect. 


Correction 

Replace  plunger  with  correct  chamfer  if  improper  chamfer 


Refit   Governor   Barrel    to   accept   a   plunger   one    or   two 
classes  larger. 

Install  correct  spring  if  wrong  spring  was  used  in  assembly, 
See  calibration  data. 

Change  weights,  install  correct  weights.  Make  weight  assist 
setting  pertinent  to  engine  being  calibrated. 


No.  5  Complaint 
Throttle  leakage  is  above  specified  limit  in  calibration  data 


Check  1 
Throttle  Shaft 


Check  2 
Governor  Plunger 


_L 


Check  3 
MVS  Plunger 


Cause 

Check  1:  Throttle  shaft  scored  or  incorrect  fit  in  throttle 

sleeve. 


Correction 

Install  next  size  larger  throttle  shaft  and  lap  to  fit,  if  neces 
sary.  Fit  to  bore  must  be  free  without  sticking  tendenc 
when  rotating  or  moving  in  or  out  of  bore  by  hand. 


heck  2:  Governor  plunger  incorrect  fit  in  governor  barrel. 


:heck  3:  Leakage  past  MVS  plunger  if  MVS  is  used. 


Install  next  size  larger  and  lap  to  fit,  if  necessary,  with 
lapping  compound.  Fit  to  bore  must  be  free  without  stick- 
ing tendency  when  rotating  or  moving  in  or  out  of  the  bore 
by  hand. 

Install  next  size  larger  plunger  and  lap  to  fit. 


No.  8  Complaint 
Fuel  Manifold  pressure  out  of  Specifications 

1 

J 

1 

1 

Check  1 
Pulsation  Damper 

Check  2 
Idle  Plunger 

Check  3 
Gear  Pump 

Check  4 
Throttle  Restriction 

1 

\              ,- 

i 

T 

Check  5 
Flow  Rates 

Checks 
Throttle  Screw 

Check  7 
Governor  Weight 

Check  8 
Governor  Plunger 

>ause 

!heck  1:  Low  fuel  manifold  pressure. 

•heck  2:  Fuel  manifold  pressure  too  high  or  too  low  be- 
ause  of  incorrect  Idle  Plunger  (Button)  or  surface  finish. 

iheck  3:  Gear  Pump  fails  to  obtain  delivery  and  pressure. 
2heck  4:  Wrong  throttle  restriction. 


Correction 

Replace  fractured  pulsation  damper  diaphragm. 

Replace  Idle  Plunger  (Button)  with  correct  plunger  if  incor- 
rect plunger  was  used.  Polish  surface  of  plunger  if  rough, 
burrs  or  chipped  areas  are  found  on  surface  of  plunger. 

Replace  gear  pump  if  delivery  and  pressure  cannot  be  ob- 
tained. 

Set  throttle  restriction  to  correct  values. 


Iheck  5:  Test  Stand  set  at  wrong  flow  rate. 

Jheck  6:  Throttle  screw  out  of  adjustment. 

iheck  7:  Governor  Weight  Carrier  assembly  incorrect  or 
iu]ty. 

Iheck  8:  Scored  governor  plunger. 


Set  test  stand   at  flow  rate  indicated  in  calibration  data 
pertinent  to  fuel  pump  being  calibrated. 

Adjust  throttle  screw. 

Replace  with  correct  new  governor  weight  carrier  assembly. 


Replace  with  new  governor  plunger  and  lap  to  fit. 


.1 


Check  1 
Idle  Plunger 


No.  7  Complaint 
Check  point  pressure  if  below  or  above  specifications 


Check  2 
800  RPM 


T 


Check  3 
Springs 


Check  4 
Weight  Assist 


Check  5 
Governor  W«lght> 


Cause 

Check  1:  Idle  plunger  or  governor  plunger  rough   or  has 
voids. 


Check  2:  800  RPM  Checkpoint. 

Check  3:  Incorrect  torque  or  governor  spring. 

Check  4:  Incorrect  weight  assist  protrusion. 

Check   5:    Incorrect   weights    or   worn    weight    carrier    as- 
sembly. 


Correction 

Polish  surface  with  oil  stone  or  replace  if  necessar 


Check  800  RPM  checkpoint  under  Complaint  No. 
sure  it  is  within  specifications  before  proceeding. 

Remove  front  cover  and  check  for  proper  torque  o 
nor  spring. 

Make  correct  weight  assist  setting  or  replace  froi 
assembly. 

Replace  with  correct  new  weight  carrier  assembly. 


No.  8  Complaint 
800  RPM  Checkpoint  out  of  Specifications 


Check  1 
Pressure  Low 


Check  2 
Pressure  High 


Cause 

Check  1:  Checkpoint  pressure  is  too  low. 

Check  2:  Checkpoint  pressure  is  too  high. 


Correction 

If  weight  assist  protrusion  is  within  specifications 
more  shim  may  be  added  to  assembly  to  obtain 
checkpoint  pressure. 

Remove  weight  assist  shims  as  required  to  decrea 
sure.  If  no  shims  can  be  removed,  install  new  weicj 
assembly  or  front  cover. 


No.  9  Complaint 
Throttle  Travel  Below  or  Above  Limit 


Check  1 
Loose  Shaft 


Check  2 
Governor  Plunger 


Cause 

Check  1:  Throttle  shaft  too  loose. 
Check  2:  Governor  plunger  fit  incorrect. 

Note:   Be  sure   to   re-mark   throttle   or   governor   sleeve    if 
different  size  shaft  or  plunger  has  been  installed. 


Correction 

Remove  and  check  fit  in  throttle  sleeve. 

Check  fit  of  plunger  and  install  correct  size  pluni 


ump 


cmiun  ur  tne  engine,  parasmc  loaas  ana  accuracy  or  tne  in- 
struments used.  At  no  time  should  adjustments  be  made  on 
a  cold  engine.  The  engine  should  be  run  before  making 
adjustments  until  oil  temperature  reaches  165r'F.  and  with 
the  valves  and  injectors  set  according  to  specifications. 


On  Engine 


ump  Hook-Up 

the  fuel  pump  has  been  removed  from  engine  for  cali- 
ration,  proper  hook-up  is  necessary. 

istall  fuel  pump  to  accessory  drive  or  to  compressor  with 
L'w  gasket  and  proper  rubber  buffer,  nylon  buffer  or  spline 
Dupling  and  tighten  securely. 

lote:  Use  black  rubber  buffer  (spider)  for  engines  rated 
t  or  below  2800  rpm.  Use  white  nylon  above  2800  rpm. 

qu'rt  sormi  clean  lube  oil  into  gear  pump  inlet  hole.  Thii, 
ds  ijuar  purup  fuel  pick-up. 

onnect  (he  fuel  pump  copper  line  from  the  pump  shut-off 
alve  to  the  fuel  manifold. 

tie  throttle  lever  linkage  should  not  be  connected  to  the 
irottle  lever,  thus  leaving  the  throttle  free  for  pump  ad- 
stmenfs. 

stall  accurate  tachometer  to  fuel  pump  tachometer  drive 
laft  connection  or  use  ST-774  hand  tachometer. 

onnect  the  shut-off  valve  electrical  connections  properly, 
aving  the  manual  control  button  in  a  closed  position 
crewed  out). 

onnect  pump  cooling  drain  line  to  check  valve  on  hous- 
g  or  to  check  valve  on  gear  pump. 


hecking  and  Adjusting  The  Fuel  Pump 
n  The  Engine 

=  fore  making  fuel  system  checks  or  adjustments   on   en- 
ne  be  sure  the  following  rules  are  observed: 

igine  is  at  operating  temperature. 

jectors  are  correct  part  number,  functionally  satisfactory, 
wed  to  specifications  and  properly  adjusted  in  engine. 

amshaft  is  as  specified  for  engine  and  particular  pump, 
:!ibration  and  is  in  good  condition. 


4.  Pistons  in  use  are  those  specified  for  the  particular  pump 
calibration  specifications. 

5.  Instrumentation  (gauges  and  tachometers)  must  have  high 
accuracy. 

Caution:  Do  not  alter  pump  settings  to  satisfy  gauges  and 
tachometers  of  unknown  accuracy. 

6.  Vehicle  throttle  control  linkage  is  adjusted  so  full  throttle 
is  obtained  and  when  released  throttle  is  stopped  by  front 
throttle  adjusting  screw  (throttle  leakage  adjusting  screw). 

Mote:  Vehicle  throttle  control  linkage  should  have  a  max- 
imum throttle  stop,  so  when  fuel  pump  full  throttle  is  ob- 
tained override  pressure  will  not  be  on  throttle  shaft. 

7.  When  fuel   pump  has  been  properly  calibrated,   very  little 
adjustment  should  be-  required  after  installation  on  the  en- 
gine except  idle  since  this  setting  is  dependent  on  para- 
sitic loads.  Fine  adjustment  of  governor  settings  and  fuel 
manifold  pressure  is  permissible  within  the  specified  limits 
if  justified  by  engine  performance  tests. 


Governor  Settings 

Idle  Speed 

1.  After  fuel  pump  installation,  engine  must  be  operated  a  suf- 
ficient period  of  time  to  purge  all  air  from  the  fuel  system 
and  to  bring  engine  up  to  operating  temperature  (at  least 
165^F.  oil  temperature). 

Note:  Idle  speed  adjustment  should  never  be  made  on  a 
cold  engine. 

2.  Remove  pipe  plug  from  spring  pack  cover. 

3.  The  idle  adjusting  screw  is  held  in  position  by  a  spring  clip. 
Turn  screw  in  to  increase  or  out  to  decrease  the  speed. 
Use  ST-984  to  adjust  idle  speed  while  engine  is  running. 
This  tool  seals  the  spring  pack  housing,  permitting  an  ac- 
curate adjustment. 

4.  Replace  pipe  plug  when  idle  speed  is  correct. 


Calibration  With  Flow-meter 


5.  On  SVS  and  MVS  governor  fuel  pumps  the  maximum  and 
idle  adjusting  screws  are  located  on  governor  cover. 

a.  To  adjust  idle  loosen  rear  idle  adjusting  screw  lock  nut. 

b.  Screw  adjusting  screw  in  or  out  to  get  speed  required. 

c.  Tighten  adjusting  screw  lock  nut  immediately  after  adjust- 
ment to  prevent  air  entrainrnent. 

6.  Some  problems  with  excessive  vibrations  have  occurred  at 
engine  idle  speeds  particularly  in  truck  applications  that 
also  have  power  takeoffs.  This  is  particularly  true  of  appli- 
cations with  cement  mixers. 

7.  In  these  cases  it  has  been  found  that  a  substantial  amount 
of  vibration  can  be  eliminated  by  an  adjustment  of  the  en- 
gine idle  speed  to  compensate  for  component  cyclic  vibra- 
tions present  in  each  particular  application.  Table  511-7. 


Table  511-7:  Factory  Recommended  Idle  Speeds 


Engine  Series 


Idle  Speed  RPM 


625  ±  20 


pump  is  calibrated   and  does  not  need  to  be  changed  o 
the  engine. 

Cut  Off  Setting 

1.  At  full  throttle  increase  load  until  the  speed  is  pulled  dow 
to   at  least  100  rpm   beiow  engine   rated   speed,   then  d£ 
crease  the  load  gradually  while  observing  the  fuel  manifol 
pressure  gauge.  (The  fuel  manifold  pressure  will  increas 
with  decreasing  load  until  the  governor  begins  restrictin 
fuel  and  then  the  pressure  will  begin  decreasing  with  dc 
creasing  load.) 

2.  Continue    decreasing    load    until    fuel    manifold    pressur 
reaches  its  peak  and  decreases  1  to  2  psi.  This  is  the  s 
called  "governor  goes  dead",  "governor  break"  or  "gove 
nor  cut  off"   point.  This  spsed   is  between   20  to   40  rpr 
higher  than  engine  rated  speed  to  assure  that  governor  i 
not  restricting  before  rated  speed.  (Example  on  a  2100  rpt 
engine  this  speed  should  be  2120  to  2140  rpm.) 

3.  If  the  governor  cut  off  point  is  higher  or  lower  than  spec 
fications,  shims  should  be  removed  or  added  from  behin 
governor  high  speed  spring  accordingly. 

4.  Recheck  the  governor  cut  off  point  adjustment. 


8.  These  are  recommended  speeds  and  are  intended  as  ref- 
erence   points.   Judicious    deviations    can    be    made    from 
these  speeds   although   it  should   be   noted    that  extreme 
care  must  be  taken  so  that  new  problems  are  not  created 
by  extreme  variations  in  idle  speed. 

9.  Problems  such   as  difficult  gear  engagement   can   be   en- 
countered  with   excessively   high    idle   speeds.    Poor   load 
pick-up  can  be  a  problem  if  idle  speeds  are  adjusted  to 
low. 

10.  Excessively  high  governor  weight  assist  settings  have  been 
found  to  be  the  cause  of  idle  surge  on  C  series  en- 
gines having   Part  No.  168630  governor  plunger  (or  over- 
sizes). 

11.  Before  concluding  that  the  governor  plunger  is  the  cause 
of  idle  surge,  check  the  weight  assist  protrusion   against 
specifications. 


High  Speed 

1.  A  means  of  loading  the  engine  must  be  used  to  perform 
this  check.  The  tachometer  and  fuel  manifold  pressure 
gauge  must  be  of  high  accuracy.  The  engine  fuel  system 
must  be  purged  of  all  air  and  at  operating  temperature. 

'.  The  preferred  method  of  checking  governor  setting  is  to 
"load"  the  engine  on  an  engine  or  chassis  dynamometer. 

Maximum  engine  speed  is  adjusted  by  adding  or  removing 
shims  under  the  high-speed  governor  spring.  Normally,  this 


Engine  Hi-Idle  or  Maximum  No-Load  Speed 

1.  Operate  engine  to  purge  all  air  from  fuel  system  and  brin 
up  to  operating  temperature. 

2.  With  transmission  in  neutral  or  the  clutch  disengaged,  ope 
throttle    and    hold    fully    open.    Note    the    maximum    engin 
speed.  This  speed  will  be  10  to  12%  greater  than  the  gove 
nor  "cut  off"  speed,  depending  upon  engine  parasitic  load 
(fans,  pumps,  etc.). 

3.  This  check  should  not  be  used  to  check  or  make  governc 
speed  adjustments.  This  check  is  of  secondary  importanc 
and  must  be  considered  as  such  unless  the  no-load  spee 
is  significantly  greater  than  specifications  in  which  case  th 
governor  assembly  should  be  examined  for  malfunction  c 
improper  parts. 


Checking  and  Adjusting  Fuel  Manifold  Pressure 

Listed  below  are  three  methods  of  checking  fuel  manifol 
pressure.  The  engine  must  be  at  operating  temperature  an 
fuel  system  purged  of  all  air. 

1.  The  preferred  method  of  checking  engine  manifold  pre; 
sure  is  to  load  engine  on  an  engine  or  chassis  dynamometf 
as  follows. 

a.  Check  governor  cut  off  as  detailed  previously. 

b.  At  full  throttle  increase  load  until  engine  is  pulled  down  1 
rated   speed    (accurate   tachometer  must   be   used).    Res 
fuel  manifold  pressure.  If  engine  fuel  manifold  pressure 
below  minimum  or  above  maximum  specifications,  make  th 


(1)  Screw  out  maximum  throttle   opening   stop   screw  and 
utilize  throttle  restriction  that  may  be  present. 

Caution:  Do  not  screw  the  screw  out  beyond  maximum 
throttle  opening  point  otherwise  a  dead  throttle  travel 
may  occur. 

(2)  Remove  throttle  shaft  and  add  fuel  adjusting  shims  as 
required. 


To  Decrease  Pressure 

(1)  Remove  throttle  shaft  and  remove  shims  as  required. 

Caution:  Under  no  circumstances  should  engine  mani- 
fold pressure  be  set  above  maximum  specifications. 
Doing  so  will  void  engine  warranty. 

(2)  It  should  not  be  necessary  to  adjust  fuel  manifold  pres- 
sure on  a  newly  calibrated  pump  more  than  ±2  psi.  If 
adjustments  greater  than  this  are  required,  fuel  pump 
test,  Injector  test  stand  or  engine  problems  may  exist. 


The  next  best  method  of  checking  maximum  engine  fuel 
manifold  pressure  is  to  note  maximum  pressure  while  accel- 
erating at  full  throttle  when  going  up  thru  the  transmission 
ratios.  With  proper  gauge  snubbing,  this  method  can  be 
relatively  accurate,  especially  if  a  heavy  load  is  being 
jelled  and  engine  acceleration  in  the  higher  gears  is  slow. 


The  least  preferred  method  of  checking  maximum  engine 
fuel  manifold  pressure  is  the  so  called  "snap"  pressure 
check  method. 

The  "snap"  method  is  not  as  reliable  as  method  1  and  2 
because  the  pressure  reading  is  of  very  short  duration. 

Gauge  inertia  and/or  the  degree  of  throttle  manipulation 
also  reduces  the  reliability  of  snap  pressure  readings. 

To  take  snap  pressure  readings,  attach  the  ST-435  pressure 
gauge  at  the  shut  down  vwlve  in  the  usual  manner.  Fig.  511- 
36. 

Disconnect  the  vehicle  throttle  control  linkage  at  the 
throttle  lever.  Move  lever  clockwise  against  stop. 

Start  engine  and  run  engine  speed  up  to  200  to  300  rpm 
above  idle  by  opening  throttle  slightly,  then  snap  throttle  to 
fully  open  position  and  permit  engine  to  accelerate  to  max- 
imum speed  while  observing  pressure  gauge.  Note  momen- 
tary maximum  pressure.  Take  this  reading  several  times. 

Notes: 

(1)  Due  to  its  poor  reliability  and  inherent    inaccuracy  this 
check  should  not  be  used  to  gauge  fuel  pump  test  stand 

calibration  accuracy. 

(2)  On  turbocharged  engines  having   aneroid   it  is  neces- 
sary that  fuel  routing  thru  the  aneroid  be  blocked  or  re- 
moved when  making  snap  pressure  checks. 


Fig.  511-36.    Checking  fuel   manifold   pressure 


F5178 


Checking  and  Adjusting  Engine  Fuel  Rate 

Engine  fuel  rate  (fuel  consumption)  in  Ibs.  per  hr.  is 
measured  by  using  ST-502  Flow  Tank.  Fig.  511-37,  or  a  suit- 
able means  of  weighing  the  fuel. 

1.  The  fuel  rate  specified  on  fuel  pump  calibration  specifica- 
tions is  at  full  throttle  and  rated  speed. 

2.  An   engine    dynamometer,    chassis   dynamometer   or   other 
controlled  means  of  loading  engine  must  be  used.  Accurate 
fuel  manifold   pressure  and   speed   readings  must  also   be 
taken. 

3.  To  check  engine  fuel  rate,  load  engine  at  full  throttle  until 
engine  speed  is  pulled  down  to  and  kept  at  rated  speed 
(check  governor  cut  off  speed  as  described  above  while 
loading    engine).    Note    fuel    manifold    pressure    at    rated 
speed.  Hold  engine  speed  and  load  stable  at  rated  speed 
long  enough  for  the  flow  meter  float  to  stabilize.  Take  the 
fuel  rate  reading. 


run  WIMF  tmiKN 
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Fig.  511-37.    Checking  fuel  rate 
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Shop  Manual 

PT  (type  G)  Fuel  Pump 

Calibration  With  Flow-mete 


5-11-2 


4.  If  weight  scales  are  used,  hold  load  and  fuel  manifold  pres- 
sure stable  with  full  throttle  at  rated  speed.  With  stop 
watch  or  other  suitable  timer,  check  number  of  pounds  of 
fuel  to  be  used  in  a  five  minute  period  of  time  (this  can 
then  be  multiplied  by  twelve  giving  the  Ibs.  per  hr.  fuel 
rate).  Run  several  checks  and  average  the  readings,  if  they 
vary  several  Ibs.  Note  full  power  smoke  level  for  use  in 
analyzing  engine  performance. 


Throttle  Leakage 

1.  The  purpose  of  throttle  leakage  is  to  keep  fuel  lines  or  sup- 
ply drillings  and  injector  drillings  full  of  fuel  during  closed 
throttle  engine  motoring. 

2.  Throttle  leakage  prevents  engine  response  hesitation  when 
throttle  is  opened  after  down  grade  closed  throttle  motor- 
ing  and  prevents  the  engine  from  stalling  when  it  decel- 
erates to  idle. 

a.  Excessive  throttle  leakage  will  cause  engine  to  decelerate 
too  slowly. 

b.  Insufficient   throttle    leakage   will    cause   engine    response 
hesitation  after  closed  throttle  motoring  and  stalling  after 
decelerating  to  idle. 

Note:  If  throttle  leakage  is  adjusted  correctly  on  fuel  pump 
test  stand,  adjustment  after  fuel  pump  installation  on  en- 
gine is  not  required. 

3.  If   throttle    leakage    adjustment   on    engine   is   required,   it 
should  be  performed  in  the  following  manner. 

4.  Engine  must  be  operated  long  enough  to  purge  all  air  from 
fuel  system  and  at  operating  temperature. 

Caution:  Never  check  engine  deceleration  or  adjust  throttle 
leakage  on  a  cold  engine.  Engine  will  decelerate  faster 
when  cold  due  to  greater  friction  drag. 

5.  Vehicle  throttle  linkage  must  be  adjusted  so  pump  throttle 
just  contacts  the  front  throttle  stop  screw  when  throttle  is 
closed. 

6.  A  fuel  manifold  pressure  gauge  must  not  be  in  use. 

7.  A  stop  watch  or  other  suitable  timer  and  tachometer  must 
be  used  to  perform  the  following  check. 

6.  With  transmission  in  neutral  or  clutch  disengaged,  open 
throttle  fully  and  let  engine  run  at  hi-idle  (maximum  no-load 
speed). 

a.  Release  or  move  throttle  to  closed  position  quickly  and 
start  stop  watch  simultaneously. 

b.  Stop  the  stop  watch  when  engine  reaches  1000  rpm  and 
note  deceleration  time.  Repeat  several  times. 

c.  If  engine  begins  to  stall  (idle  governor  does  not  catch  en- 
gine) after  decelerating  from  hi-idle,  throttle  leakage  must 


(2)  Turn  screw  in  while  checking   engine  deceleration 
described    previously    until    deceleration    time    is     i 
creased  1  to  2  seconds.  Lock  screw  in  this  position  ai 
recheck  idle  speed.  Readjust  as  necessary. 

9.  If  engine  decelerates  too  slowly  it  may  be  necessary  to  d 
crease  throttle  leakage.  Before  decreasing  throttle  leakai 
be  sure  it  is  required  by  first  checking  deceleration  tir 
when  shut-down  valve  is  closed  (engine  is  shut  down)  wh 
running  at  hi-idle.  If  deceleration  is  no  faster  by  this  met 
od,  throttle  leakage  is  not  the  problem.  If  deceleration 
significantly  faster  by  this  method,  throttle  leakage  shoi 
be  reduced. 

a.  Note  position  of  throttle  leakage  adjusting  screw. 

b.  Back   screw   out   while    checking    engine   deceleration 
described  previously  until   engine   tends  to   stall   after  o 
celerating   from   hi-idle.  Turn   screw   in   until   decelerati 
•time  is  increased  1  to  2  seconds.  Lock  screw  in  positi 
'and  check  idle  speed.  Adjust  idle  speed  as  required. 

Note:  If  a  combination  automotive  and  MVS  governor  pur 
is  in  use  and  there  is  excessive  MVS  governor  barrel 
plunger  leakage,  this  may  be  the  source  of  high  throt 
leakage  and  not  the  throttle  shaft.  This  can  be  checked 
adjusting  the  MVS  governor  so  engine  will  idle  on  the  M1 
(with  automotive  throttle  fully  open).  With  automoti 
throttle  held  fully  open,  accelerate  and  decelerate  engi 
with  MVS  governor.  If  engine  decelerates  significantly  fa 
er  by  this  method  than  when  the  MVS  is  held  in  maximi 
speed  position  and  engine  is  accelerated  and  decelerat 
by  the  automotive  throttle,  there  is  excessive  MVS  goverr 
barrel  to  plunger  leakage. 


Engine  Power 

1.  Engine  power  can  not  be  gauged  accurately  in  any  way  < 
cept  on  an  engine  dynamometer.  Any  other  method  of  gai 
ing  engine  power  requires  the  use  of  assumptions,  fe 
opinions  regarding  accessory  drive  train  power  losses  a 
load  measuring  equipment  accuracy. 

2.  Fuel  pump  adjustments  should  not  be  made  based  on  e: 
mated  power  arrived  at  by  this  means  unless  full  perfor 
ance  data  (fuel  manifold  pressure,  fuel  rate,  speed  settin 
smoke,  coolant  temperature,  combustion  smoothness,   i 
haust  restriction,  fuel  quality,  air  intake  restriction,  era 
case  oil  level  and  engine  power  derate  factors)  also  in 
cates  the  adjustments  are  justified.  Under  no  circumstan< 
should  these  specifications  be  exceeded. 

Note:    As    in    all    fuel    systems    and    engine    performar 
checks,  accurate  instruments  must  be  used. 

3.  Engine  rated  power  (maximum  power  at  engine  rated  spe 
should  be  checked  in  the  same  way  as  "checking  and 
justing  engine  fuel  manifold  pressure"  and  "checking  : 
adjusting  engine  fuel  rate"  as  previously  described. 


:uel  filter  restriction  can  be  checked  using  ST-434  Vacuum 
Sauge.  Fig.  511-38. 

Connect  gauge  using  the  special  adapter  furnished  in  ST- 

[34. 

f  restriction  reads  8  inch  vacuum  while  engine  is  running 
it  full  speed  and  load,  filter  must  be  changed  or  other 
iources  of  restriction  remedied.  Sight  glass  gauge  will 
iho.v  air  bubbles  with  air  entrapment  and  possible  gasket 
ir  othr"  leaks. 

f  air  bubbles  are  persistent  and  the  engine  is  over  400 
}rake  horsepower,  check  the  float  valve  assembly  in  the 
loat  tank  (if  so  equipped).  The  gear  pump  may  be  pump- 
na  more  fuel  than  the  float  valve  will  allow  to  pass  into 
he  float  tank.  A  new  interchangeable  float  valve  is  avail- 
able with  sufficient  capacity  to  meet  this  requirement. 


Fig.  511-39.    Sealing  fuel  pump 
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g.  511-38.    Checking  fuel  restriction  F5180 


•eal  Fuel  Pump 

o  prevent  unauthorized  adjustments  of  the  fuel  pump  after 
nal  adjustments  are  made,  seal  the  spring  pack  housing 
>wer  capscrews  and  the  rear  throttle  screw  or  throttle 
over  and  spring  pack  cover  plug. 

pring  Pack  Housing  Seal. 

istall  bottom  capscrew  with  drilled  hole  in  head.  Install 
lug  with  drilled  hole  into  spring  pack  housing. 

isert  seal  wire  through  capscrew  and  plug. 

wist  the  seal  wire  ends  together  until  connection  is  se- 
ure  and  wire  is  tight. 

lend  twisted  wire  into  seal  and  press  on  top  half  of  seal. 


Precautions  To  Be  Observed  When  Using 
Calibration  Values  On  Following  Pages 

1.  Refer  to    both    lines   of   each    pump    calibration    to    get    all 
values  necessary  for  complete   information. 

2.  Pump   code   numbers   appear  first;   however,   card    number 
which   appears   on   second   line   is   equally   important,    and 
may  mean  there  are  differences  necessary  for  special  ap- 
plications  at   the   same   horsepower,   check   "Remarks"    at 
bottom  of  each  page.  Remarks  for  a  particular  calibration 
follow  the  card  number. 

3.  A  letter  A,  B,  etc.  following  the  card  number  indicates^  £ 
minor   change   has   been   made   from   the   original    release 
and  may  be  applied  to  all  pumps  with  identical  card  num- 
ber, regardless  of  the  letter  suffix.  When  a  major  change 
is  made  a  new  card  is  issued. 

4.  Governor  and  torque  spring     color  codes  are  abbreviated 
(R  for  red,  Bl  for  blue,  etc.)  to  keep  the  values  as  compact 
as  possible. 

5.  Due  to  changes  in  card  number  there  may  be  more  than 
one  code,  check  complete  page  for  given  engine  model  to 
select  correct  calibration  values. 


CALIBRATION  VALUES  — 


TEST  STANDS  WITH  FLOWMETER  _  PT  (T»p,  G)  FUEL  PUMP 
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LB.  HR.  @  ) 

GOVERNOR 
CUTOFF  RPI 

IGOV.  SET 
PSI  @  MAX. 

THROTTLE 
LEAKAGE  — 

IIDLE  SPEED 
PSI  @  RPM 

MANIFOLD 
PSI  <ffi  RPM 

CHECK  POIN 
PSI  @  RPM 

CHECK  POIN 
PSI  @  RPM 

WEIGHT  ASSI 
PSI  @  RPM 

WEIGHT  ASSI 
SETTING 

GEAR  PUMP  ! 

1  IDLE  PLUNGE 
CODE  NO. 

TORQUE  SPRI 
PART  NO. 
+  SHIMS 

TORQUE  SPRI 
COLOR  CODE 

GOV.  SPRING 
PART  NO. 
COLOR  CODE 

GOV.  WEIGHT 
PART  NO. 

INJECTOR 
PART  NO. 
FLOW  CODE 

PISTON 
PART  NO. 

CAMSHAFT 
PART  NO. 

C-175 

01SO 
0952-  C 

175© 
2500 

69 
72 

155 
175 

6208 
2500 

2520 
2540 

40© 
2735 

35 

12® 
500 

165© 
2500 

136-142 
©2100 

101-107 
©1700 

34-40 
8  800 

.840 
.860 

3/4 

30 

139584 
None 

Bl-Br 

143251 
Bl-Br 

163826 

1 

BM-71636 
93 

h~  1 
130500 

121580 

02SO 
1026 

1628 
2200 

63 
67 

140 
160 

5758 
2200 

2210 
2230 

40© 
2450 

35 

38© 
500 

152® 
2200 

126-132 
8  1800 

115-121 
8  1600 

48-54 
8  800 

.890 
.910 

3/4 

27 

138783 
.020 

R-Br 

143253 
R-Y 

163826 

BM-71636 
93 

130500 

121580 

03SO 
0973 

167  @ 
2300 

67 

156 
166 

6008 
2300 

2310 
2330 

40© 
2530 

35 

28© 
500 

156© 
2300 

133-139 
8  1900 

Omit 

40-46 
©  800 

.870 
.890 

3/4 

35 

139584 
None 

Bl-Br 

143253 
R-Y 

163826 

BM-71636 
93 

130500     1215HO 

03SO 
1252 

1678 
2300 

68 

150 
170 

6058 
2300 

2310 
2330 

408 
2510 

35 

53© 
500 

165® 
2300 

140-146 
8  1900 

127-133 
©  1700 

45-51 
@800 

.900 
.920 

3/4 

50 

139584 
None 

Bl-Br 

143250 
R-W 

146437 

BM-71636 
93 

13050oi   121580 

09SO 
0962 

1758 
2800 

73 

172 
182 

6158 
2800 

2810 
2830 

40© 
3120 

35 

23© 
500 

172  9 

2800 

133-137 
@  2300 

87-91  @ 
1800 

20-26 
©  800 

.830 
.850 

3/4 

50 

139584 
None 

Bl-Br 

143249 
Y-W 

163826 

BM-71636 
93 

130500J   121580 

10SO 
0964 

160® 
2800 

68 

135 
155 

590© 
2800 

2810 
2830 

408 
2990 

35 

23® 
500 

145© 
2800 

108-114 
8  2300 

71-77® 
1800 

19-25 
8  800 

.830 
.850 

3/4 

180 

139584 
None 

Bl-Br 

143249 
Y-W 

163826 

BM-71636 
93 

130500 

121580 

11SO 
1023 

1228 
2200 

49 

83 
93 

4108 
2200 

2210 
2230 

40© 
2390 

35 

28© 
500 

88® 
2200 

70-75  © 
1800 

64-69® 
1600 

28-34 
©  800 

.890 
.910 

3/4 

55 

138783 
.020 

R-Br 

143253 
R-Y 

163826 

BM-71636 
93 

130500 

121580 

12SO 

1275 

190  @ 
2500 

710© 
2500 

2510 
2530 

40© 
2820 

35 

34© 
500 

210® 
2500 

159-165 
@  1900 

142-148 
8  1700 

45-51 
8  800 

.920 
.940 

3/4 

25 

139584 
None 

Bl-Br 

143251 
Bl-Br 

163826 

BM-71636 
93 

13050J 

1^0 

13SO 
1383 

1308 
2000 

52 

96 
110 

500© 
2000 

2010 
2030 

40© 
2180 

35 

26© 
500 

110© 
2000 

89-95  8 
1600 

82-88© 
1400 

44-50 
©  800 

.890 
.910 

3/4 

27 

138784 
+.020 

R-Y 

143254 
R-Br 

163826 

BM-71636 
93 

130500 

121580 

04SO 

170© 

69 

665© 

Omit 

40© 

35 

31© 

170® 

Omit 

Omit 

35-41 

.830 

3/4 

35 

139584 

Bl-Br 

143251 

163826 

BM-71636 

130500  |  121580 

1688 

2400 

2400 

2750 

500 

2400 

8  800 

.850 

None 

Bl-Br 

93 

14SO 
1844 

1508 
2500 

61 

5908 
2500 

2520 
2540 

40© 
2700 

35 

2© 
500 

134® 
2500 

111-117 
82100 

87-93 
©1700 

31-37 
©800 

.900 

3/4 

45 

139584 
None 

Bl-Br 

143251 
Bl-Br 

163826 

BM-71636 
93 

149200 

121580 

C-180 

01TO 

180  8 

76 

6908 

2520 

408 

150 

43© 

165© 

131-137 

S6-9! 

34-40 

.830 

3/4 

45 

138783 

R-Br 

143249 

146437 

BM-70821 

130500 

121580 

1574-C 

2500 

2500 

2540 

2750 

500 

2500 

©  1800 

©  1600 

©  SOU 

.850 

.080 

Y-W 

93 

01TO 

1808 

75 

162 

6258 

2510 

40© 

150 

348 

160© 

115-121 

96-102 

28-34 

.830 

3/4 

60 

138783 

R-Br 

143250 

146437 

BM-78021 

130500 

121580 

1301 

2500 

78 

170 

2500 

2530 

2695 

500 

2500 

8  1800 

©  1600 

8  800 

.850 

.080 

R-W 

93 

02TO 

167® 

66 

129 

S608 

2210 

408 

150 

36© 

134© 

103-109 

88-94 

30-36 

.830 

3/4 

40 

138783 

R-Br 

143251 

146437 

BM-78021 

130500     121580 

0996 

2200 

139 

2200 

2230 

2440 

500 

2200 

©  1700 

@  1500 

©  800 

.850 

None 

Bl-Br 

93 

05TO 

1158 

49 

70 

4108 

2210 

408 

150 

20© 

708 

49-53  © 

Omit 

13-18 

.830 

3/4 

65 

138783 

R-Br 

143252 

146437 

BM-78021 

130500 

121580 

0891 

2200 

80 

2200 

2230 

2365 

500 

2200 

1600 

8  800 

.850 

None 

R 

93 

06TO 

176© 

75 

150 

595© 

2410 

40© 

150 

288 

ISO© 

125-129 

108-112 

27-33 

.830 

3/4 

55    i    138783 

R-Br 

143250 

146437 

BM-78021 

130500 

1215SC1 

0937' 

2400 

160 

2400 

2430 

2710 

500 

2400 

©  2000 

8  1700 

©  800 

.850 

.080 

R-W 

93 

OTTO 

1459 

60 

110 

520© 

1810 

408 

150 

70© 

1308 

114-120 

Omit 

63-68 

.890 

3/4 

22 

138783 

R-Br 

143254 

146437 

BM-78021 

130500 

121580 

1080 

1800 

130 

1800 

1830 

1910 

500 

1800 

©  1500 

8  800 

.910 

None 

R-Br 

93 

08TO 

125® 

53 

80 

425® 

2450 

408 

15C 

24© 

90© 

73-77  © 

44-48 

14-20 

.830 

3/4 

190 

138783 

R-Br 

143250 

146437 

BM-78021 

130500 

121580 

1120 

2400 

100 

2400 

2480 

2650 

500 

2400 

2000 

©  1500 

©  800 

.850 

None 

R-W 

93 

11TO 

1808 

75 

140 

6208 

2510 

408 

15C 

33© 

1488 

107-113 

86-92 

27-33 

.830 

3/4 

60 

138783 

R-Br 

143250 

146437 

BM-7019S 

130500 

121580 

1302 

2500 

78 

150 

2500 

2530 

2695 

500 

2500 

©  1800 

©  1600' 

©  800 

.850 

.080 

R-W 

104 

12TO 

1709 

71 

125 

610© 

2260 

40© 

ISO 

44© 

1428 

117-123 

99-105 

31-37 

.830 

3/4 

40 

138783 

R-Br 

143251 

146437 

BM-78021 

130500 

121580 

1304 

2250 

145 

2250 

2280 

2440 

500 

2250 

©  1800 

@  1600 

8  800 

.850 

None 

Bl-Br 

93 

13TO 

1358 

52 

102 

5208 

2210 

40© 

150 

308 

1128 

79-85  © 

60-66 

26-32 

.830 

3/4 

67 

138783 

R-Br 

143251 

146437 

8M-78021 

130500 

121580 

1445 

2200 

56 

122 

2200 

2230 

2350 

500 

2200 

1600 

©  1400 

©  800 

.850 

None 

Bl-Br 

93 

14TO 

1259 

49 

83 

4258 

2635 

408 

150 

198 

93© 

63-67  © 

46-50 

16-22 

.830 

3/4 

190 

138783 

R-Br 

143252 

163826 

BM-78021 

130500 

121580 

1561 

2400 

53 

103 

2400 

2665 

2760 

500 

2400 

1800 

e  isoo 

8800 

.850 

None 

R 

93 

15TO 

20© 

41 

78 

4559 

2020 

408 

150 

288 

88© 

70-74  8 

61-65 

28-34 

.830 

3/4 

67 

138783 

R-Br 

143252 

146437 

BM-78021 

130500 

121580 

1623 

2000 

45 

98 

2000 

2040 

2160 

500 

2000 

1600 

8  1400 

@  800 

.850 

None 

R 

93 

16TO 

1208 

41 

82 

5008 

Omit 

40© 

150 

638 

92© 

Omit 

Omit 

36-42 

.830 

3/4 

30 

None 

None 

143252 

146437 

BM-78021 

130500 

121580 

1649 

1500 

45 

102 

1500 

1825 

500 

1500 

8  800 

.850 

None 

R 

93 

01TO 

1808 

76 

660© 

2520 

40© 

35 

368 

163© 

128-134 

80-86  8 

34-40 

,830 

3/4 

52 

138783 

R-Br 

143249 

146437 

BM-78021 

130500 

121580 

1664 

2500 

2500 

2540 

2710 

500 

2500 

@_20QO 

1500 

©  800 

.850 

+.040 

Y-W 

93 

01TO 

80© 

76 

6458 

2520 

40© 

150 

45© 

1668 

132-138 

91-978 

40-46 

.830 

3/4 

50 

139586 

Br-Y 

143250 

146437 

BM-78021 

130500 

121580 

1681-B 

2500 

2500 

2540 

2730 

500 

2500 

8  2000 

1500 

©  800 

.850 

+.080 

R-W 

93 

17TO 

258 

52 

4608 

2220 

0© 

150 

25© 

90© 

73-77 

57-61 

21-27 

.840 

3/4 

195 

138783 

R-Br 

143251 

146437 

BM-78021 

130500 

121580 

1745 

220 

2200 

2240 

2350 

500 

2200 

©1800 

©1500 

©800 

None 

Bl-Br 

93 

Injector  Group  6 


PT  Injector  Group 


Operating  Principles—Unit  601 


Injector  Description 

The  PT  Injector  is  a  simple  mechanical  unit  which  receives 
fuel  from  the  fuel  pump  under  pressure  and  meters,  injects 
and  atomizes  it  through  fine  injector  cup  spray  holes  into 
the  combustion  chamber. 

The  general  description  "PT  Injectors"  is  used  only  to  indi- 
cate that  the  injector  is  used  with  the  PT  fuel  system 

The    PT   Injectors 

are  cylindrical  in  shape  without  a  flange  for 
mounting. i 


testing.  The  PT  (type  B)  injector  can  easily  be  identif 
by  socket  head  ball  retainer  plug  at 
of  injector  body.  Fig.  6-1-3. 

The  PT  (type  B)  injector  is  used  in  engines  with  intei 
fuel  drillings  in  the  cylinder  head  and  held  in  the  head 
either  a  mounting  yoke  or  mounting  plates. 


Cylindrical  PT  (Type  B)  Injectors 

Injector  with  a  ball  valve  to  aid  In  the  control  of  fuel  flow, 


INJECTOR  LINK 


OJUSTABU  OEUVERV 
ORIFIOE  f>lUG 


Fig.  6-1-3.   Cylindrical  PT  (type  B)  Injector  cross-section 


FWC25 


Injector  Parts 
Adjustable  Orifice  Plug 

Orifice  plug  used  in  inlet  drilling  of  flanged  injectors  and 
cylindrical  injectors  to  adjust  fuel  delivery.  Fuel  delivery 
is  adjusted  by  changing  the  orifice  plug  or  by  burnishing 
the  plug  in  operating  position,  see  injector  description. 
Some  orifice  plugs  have  a  flange  and  require  a  gasket  be- 
neath the  flange. 

Drain  Orifice 

The  drilled  orifice  in  cup  end  of  the  injector  is  the  drain 
drilling.  This  orifice  is  fixed  in  size  and  must  not  be  altered 
in  any  way. 

Metering  Orifice 

The  orifice  in  cup  end  of  the  injector  allowing  fuel  to  enter 
injector  plunger  bore  and  cup.  This  orifice  is  fixed  in  size 
and  must  not  be  altered  in  any  way. 

Cup  Gasket 

When  PT  fuel  system  injectors  are  fitted  with  oversize 
plungers,  thicker  cup  gaskets  must  be  used  to  provide  the 
original  relationship  between  the  plunger  and  metering 
orifice. 


Disassembly,  Cleaning,  Repair  and  Assembly 


Disassembly 

The  disassembly,  cleaning,  inspection,  repair  and  assembly 
procedures  described  on  the  following  pages  are  those 
operations  that  may  be  performed  in  a  clean,  well  equipped 
shop. 


3.  Remove  "O"  rings  from  injector  body;  discard  rings. 

4.  Disassemble   clamp   securing  screen   to   injector  body 
remove    button-style    screen    retainer    ring,    and    rem< 
screen. 

Note:   Do   not  remove   adjustable  orifice   plug   from   ir 
groove. 


Cylindrical  Injectors  &•  P'ace  injector  in  ST-569-19  Adapter  and  install  in  ST-i 

Holding  Fixture  so  fixture  spring  tension  Is  against  injec 

1.  Lift  out  injector  plunger  and  spring.  Remove  spring  from  plunger.  Use  spacers  listed  in  Table  6-1-2  to  get  requii 

plunger  and  then  place  plunger  in  body.  spring  tension. 


lemove  injector  cup  using  injector  cup  wrench  ST93^+.          3.  Dry  with  clean  compressed  air. 


)n  cylindrical  PT  (type  B)  injectors,  re- 

icwe  ball  retainer  plug,  gasket  and  ball  from  top  of  in- 
sctor  body;  discard  gasket. 


'able  6-1-2:  ST-569  Spacer  Data 


njeetor  Body 
•art  No. 


ST-S69  Spacer 
Detail(s)  Required 


31590 


13  and  15 


Caution:  Do  not  use  drills  or  other  instruments  to  clean 
cup  holes  that  will  alter  size  of  holes.  Wires  may  be  used 
if  a  smaller  size  wire  is  used  than  the  spray  hole. 

4.  A  clean  shop;  clean  tools  and  good  cleaning  practices  are 
essential  to  good  injector  repair.  Most  injector  failures 
occur  because  of  dirt.  Clean  all  parts  before  assembly. 

Inspection 
Injector  Cup 

1.  Inspect  injector  spray  holes  and  tip  with  magnifying  glass. 
Compare  with  new  cup  shown  in  Fig.  6-1-8.  Discard  cup  if 
any  of  following  conditions  exist. 

a.  Abrasive  wear:  This  wear  can  begin  internally:  therefore, 
inspect  both  interior  and  exterior.  Fig.  6-1-9. 


:ig.  6-1-7.    Cylindrical  injector  In  ST-569  holding  fixture  F60104 


Cleaning 

Jlean  injector  parts  thoroughly  of  any  carbon  or  varnish 
>y  soaking  in  a  solvent  such  as  "Bendix  Metal  Cleane," 
Kelite  Formula  1006"  or  equivalent. 

Neutralize  solvent  after  cleaning  by  dipping  parts  in  mineral 
pirits. 


Fig.  6-1-8.    New  Injector  cup  tip 


.  • :  .f -fsffe-,  •,  './^"^i^^Si 

";;yi;:¥i'«s|S 


F60t05 


Fig.  6-1-9.    Worn  injector  cup  tip 


FD0106 


Injector  Group  6 


Fig.  8-1-10.    Corroded  injector  cup  tip 


F60107 


b.  Corrosion  damage  and  effect  of  excessive  heat:  This  con- 
dition usually  results  from  high  acid  or  sulphur  content  in 
fuel  or  overload  operating  conditions.  Fig.  6-1-10. 

c.  Enlarged    or   distorted    spray   holes:   Caused    by   cleaning 
with  drills  or  other  instruments. 

2.  Inspect  cup  for  plunger  seat  pattern.  If  plunger  seat  covers 
40  per  cent  continuous  area  around  cup  cone  or  plunger 
bore,  it  is  possible  cup  may  be  reused,  but  it  must  pass 
the  ST-990  cup  to  plunger  leak  test.  Seat  lo'cation  is  not 
important. 

Caution:  Never  alter  size  of  injector  cup  spray  holes. 


Injector  Body 

1.  Inspect  injector  body  plunger  bore' for  scoring.  If  score 
are  not  too  deep,  injector  body  should  be 

honed  and  fitted  with  a 
oversized  plunger. 

2.  Use  strong   magnifying  glass  to   check  for   burrs,   carbo 
and  distorted  radii  in  orifices.  When  injector  orifices  ar 
damaged,  the  injector  will  not  function  properly.   Do  nc 
attempt  cleaning  with  wires,  plug  gauges,  etc;  use  solver 
cleaners. 


CONTINUOUS  PATTERN       STAR  PATTERN 


BROKfN   PATTERN 


GOOD   SEAT 


BAD   SEAT 


BAD   SEAT 
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Shop  Manual 

Injector  Cleaning  and  Repair 

Injector  Group  6 


njector  Plunger 

Hheck  closely  for  metal  seizure.  As  a  rule  this  is  the  only 
:rue  indication  of  scuffing  or  scoring. 

Bright  spots  or  surface  disruption  at  top  of  plunger,  on  op- 
Dosite  side  at  bottom  of  plunger  or  at  mid-point,  usually 
are  normal  results  of  rocker  lever  thrust  action.  Unless 
netal  is  displaced  or  wear  is  measurable  at  these  points, 
the  plunger  may  be  reused. 


Fig.  6-1-14.    Testing  injector  spring 


F60163 


Narrow  streaks  running  the  length  of  the  plunger  usually 
are  the  result  of  the  varying  thickness  of  pentrate  treat- 
ment used  to  prevent  rusting  and  the  plunger  is  satisfactory 
for  reuse  unless  a  surface  disruption  is  evident. 

Injector  Spring 

Check  spring  for  excessive  wear  or  mutilation. 

Test  spring  tension  on  spring  tester,  Fig.  6-1-14,  that  is 
capable  of  very  accurate  measurements  of  spring  lengths 
and  applied  load  by  means  of  standards  and  dial  indicator 
gauge.  Table  6-1-3. 

If  injector  springs  compress  to  dimensions  shown,  at  less 
than  load  indicated  under  "worn  limits",  springs  must  be 
discarded.  Fig.  6-1-15. 

Repair 

Replace  Plunger  Link 

Replace  plunger  link  if  worn  excessively.  See  Fig.  6-1-16. 


MM. 


Fig.  6-1-15.    Injector  spring: 


F60109 


2.  Procedure  to  remove  E  ring  type  is  as  follows: 

a.  Place  plunger  in  suitable  holding  device,  such  as  block  of 
soft  wood,  with  spring  retainer  upward. 


Table  6-1-3: 

Injector  Spring 

Data 

Part 
No. 

Approximate 
Free  Length 
Inches 

No. 
Coils 

Wire 
Dia. 
Inches 

Pounds  Load 

Required  to  Compress  Springs  to 

Length 

Inch  Length 

New  Win. 

New  Max. 

Worn  Limit 

9337 


8'/2 


.177 


135 


149 


130 


Injector  Group  6 


NEW  LINK 


Fig.  6-1-16.    Plunger  link  wear 


F601G5 


"E"  HING.TYPE 
Fig.  6-1-18.    Plunger  link  assemblies 


"SIEEVE'-TYPE 


Fig.  6-1-17.    Use  tap  holder  (o  pull  link 


F60T10 


b.  Use  a  hammer  and  a  punch  with  1/16  inch  point  to  break 
off  "ears"  of  plunger  link  retaining  ring.  Remove  link  and 
remaining  pieces  of  retaining  ring. 

3.  A  collet  type  hand  tap  holder,  such  as  shown  in  Fig.  6-1-17, 
may  be  used  to  pull  sleeve  type  injector  links: 

a.  Place  tap  holder  over  link  and  tighten  holder. 

b.  Hold  plunger  and  give  tap  holder  a  quick  pull. 
Note:  Do  not  put  plunger  in  vise  to  pull  link. 

4.  Place  new  retaining  ring  on  new  plunger  link  and  press 
link  into  place.  Fig.  6-1-18.  If  sleeve  type  retainer,  press 
retainer  flush  to  .010  inch  below  bore  surface. 

Caution:   Handle   injector   plunger   with    care    to    prevent 


Fig.  6-1-20.    Intalling  "O"  ring  with  assembly  tool 


ooooo 

HONE  I  2  1  <  5 


r 


NOUS     SIX!     ANOII  HOLIS     SIZI     ANOLI 


\    1  ./ 


i   «'     u.s.t. 


g.  6-1-21.    Injector  cup  gasket  markings 
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g.  6-1-22.    Size  marking  location  on  plunger 
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g.  6-1  -23.    Siie  marking*. on  injector  bodies 
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Injector  Cup  Gasket  Data 


Cup 
Gasket 
Part  No. 


Gasket 
Notches 


Body  And 
Plunger  Size 
Markings 


Notes: 

1.  Unless  proper  gasket  is  used  with  corresponding  body  and 
plunger,  the  engine  will  develop  a  miss  on  cylinder  con- 
taining the  improperly  rebuilt  injector. 


62410         None 


A,  B,  C,  D, 
0,1,2,3,4, 
5,  6,  7,  8 


5.  Check  injector  assembly  plunger  seating  on  ST-570  or  ST- 
990,  preferably  ST-990  if  available. 

6.  Remove  injector  plunger  from  body;  lubricate  plunger  with 
test  oil.  Install  injector  spring  and  plunger  in  correct  body; 
check  to  see  that  it  does  not  bind  as  it  seats  in  cup. 

7.  Check  cup  spray  pattern  as  described  on  Page  6-1-18.  If 
spray  pattern  tools  are  not  available,  fill  injector  body  two- 
thirds  full  of  clean  fuel.  Insert  plunger  forcing  fuel  out  cup 
spray  holes  to  see  that  they  are  open  and  clean. 

Cylindrical  Injectors 

1.  On   PT  (type  B)  drop  check 
ball  into  bore  at  top.  of  injector  body.  Install  ball  retainer 
with  new  gasket,  and  tighten  to  50  inch-pounds  maximum 
torque.  Fig.  6-1-26.  Refer  to  Page  6-1-18  for  seating  check, 
improper  seating   may   result   in   "engine   missing   or  slow 
shut-down"  complaints. 

2.  Install   new  "O"   ring  with  assembly  tool  ST 4-26' 

each  time  cup  is  removed.  Fig.  6-1-20. 

a.  Dip  "O"  ring  in  clean  lubricating  oil  or  liquid  soap. 

b.  Assemble  proper  tool  over  threaded  end  of  injector  body. 

c.  Slide  "O"  ring  over  tool  into  groove, 

3.  Select  new  injector  cup  gasket  corresponding  to  plunger 
body,  size.  See  Table  6-1-5  for  cup  gasket,  Fig.  6-1-22  for 
location  of  size  markings  on  plunger,  and  Fig.  6-1-23  for 


Injector  laroup  b 


spray  pattern  tools  are  not  available,  fill  injector  body  two 
thirds  full  of  clean  fuel.  Insert  plunger  forcing  fuel  out  cu| 
spray  holes  to  see  that  they  are  open  and  clean. 

12.  Lubricate  and  install  outside  (body)  "O"  rings  into  prope 
grooves. 


Fig.  6-1-26.    Installing  ball  into  injector  body 
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Notes: 

a.  When  PT  injectors  are  fitted  with  oversize  plungers,  thicker 
cup  gaskets  are  used  to  provide  the  original  relationship 
between  plunger  and  metering  orifice. 


4.  Immerse  injector  plunger  in  clean  injector  test  oil  and  in- 
stall in  body  without  spring. 

5.  Place   injector   into   ST-569   using   ST-569-19   adapter   and 
spacer.  See  Table  6-1-2  for  correct  spacer. 

6.  Apply  tension  to  ST-569  Holding  Fixture  to  align  plunger  in 
body. 

7.  Install  proper  cup  down  on  injector  body  finger  tight,  then 
back  cup  up  one-half  turn. 


Caution:  Make  sure  all  parts  mating  surfaces  are  clean  and 
free  from  burrs  or  other  imperfections  which  could  result 
in  incorrect  flow. 

8.  Tighten   cup   to   specified   torque   L5    i"t— lb      with    cup 
wrench   ST934  Spring  tension  in  tool  is  con- 
trolled by  spacers. 

Note:  Two  types  of  injector  cup  wrenches  have  been  used, 
three  spline  and  six  spline,  always  use  the  six  spline  if 
possible.  See  Fig.  6-1-25. 

9.  Check  injector  assembly  plunger  seating  on  ST-570  or  ST- 
990,  preferably  ST-990  if  available. 

10.  Remove  injector  plunger  from  body;  lubricate  plunger  with 
test  oil.  Install  injector  spring  and  plunger  in  correct  body; 
check  to  see  that  it  does  not  bind  as  it  seats  in  cup. 

11.  Check  CUD  sorav  oattern  as  described  on  Panes  6-1-18.   If 


»eakage  Checks 


he  plunger-to-body  and  plunger-to-cup  leakage  check 
ives-  a  measurement  of  fuel  by-pass  between  plunger  body 
nd  plunqer  cup  to  help  determine  if  injector  is  to  be  re- 
oneu  .„<•  can  be  calibrated  and  reused  in  an  engine. 

iT-990  Injector  Leakage  Tester 

hfi  ST-9SO  Injector  Leakage  Tester  was  developed  and  re- 
sased  in  order  to  make  available  to  the  field  a  standard 
sol  to  accurately  determine  the  degree  of  acceptability  of 
ssH  injectors.  Fig.  6-1-27. 

he  ST-990  performs  tests  on  all  current  Cummins  PT  in- 
sctors  except  L  series.  These  tests  are  as  follows. 

iody-to-plunger  leakage  in  area  below  the  metering  ori- 
ce.  With  the  plunger  retracted  off  the  cup  seat  by  ap- 
roximately  .048  inch,  air  is  forced  through  the  cup  spray 
oles  past  the  body-to-plunger  clearance  and  is  measured 
'ith  a  precision  flow  meter. 

h's  check  supersedes  the  body-to-plunger  leakage  test  on 
;..  ST-790,  in  which  injector  delivery  with  a  .055  inch  re- 
Irictor  orifice  is  compared  to  delivery  with  the  standard 


.011,  .013  or  .020  inch  orifices  (depending  upon  injector 
model). 

2.  Cup-to-plunger  seat.  The  plunger  is  seated  in  the  cup  with 
200  Ibs.  load.  Any  leakage  is  measured  in  bubbles  which 
are  released  under  a  fluid  level. 

This  check  was  incorporated  into  the  ST-990  as  a  time  and 
labor  savings.  Very  little  extra  time  is  required  to  check  the 
cup-to-plunger  seat  while  the  injector  is  installed  in  the 
machine  for  the  body-to-plunger  tests.  This  check  is  pre- 
ferred over  the  ST-570  leakage  check. 


AIR  CYLINDER 


g.  6-1-27.    ST-990  injector  leakage  teller 
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Fig.  6-1-34.    Tightening  T-handlo  clamp 
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g.  6-1-33.    Adjusting  knurled  hub  1or  proper 
feeler  gauge  clearance 


F60173  F|g    6.1.35.    shilling  retraction  lever 
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Fig.  6-1-36.    Rotating  plunger  top 
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Table  6-1-7:  ST-990  Leakage  Tester  Data  — Units  Leakage 


Injector  Model 


New 


Used 


PT  (Type  B) 


6.5 


9.5 


3.  Install  injector  into  ST-990  and  clamp  into  position.  S 
port  plate  may  be  tilted  for  easier  installation  of  injecti 


PT  Cylindrical  Injectors 

1.  Install  ST-726  adapter  to  cylindrical  injector.  Fig.  6-1-37. 


2.  Plug  fuel  inlet  port  with  ST-668-14. 


I 


Fig.  6-1-37.    Installing  cylindrical  injector  in  ST-990 
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4.  Adjust  knurled  knob  to  obtain  proper  clearance  with  fe< 
gauge  between  knob  and  lock  nuts.  See  Fig.  6-1-33. 

5.  Install  and  tighten  transfer  line  in  injector  drain'  port.  1 
is  the  port  on  operator's  right,  facing  front  of  test  stanc 

6.  Tighten  T-handle  clamp.  See  Fig.  6-1-34. 

7.  Shift  retraction  lever  from  "A"  to  "B"  position.  See  I 
6-1-35.  This  removes  load  from  plunger  and  allows  it  to 
retracted  from  cup  seat  by  approximately  .048  inch.  M; 
sure  plunger  retracts.  The  adherence  of  mating  surfa> 
between  plunger  and  cup  sometimes  holds  plunger  in  i 
seat. 

8.  In  this  position  presence  of  bubbles  in  bubble-checkei 
disregarded.  Read  air  flow  meter  at  top  of  ball  float. 

9.  Rotate  plunger  top  in  clockwise  direction  by  very  small 
crement  and  observe  flow  meter  reading.  See  Fig.  6-1 
Do  not  touch  plunger  top  or  any  part  of  clamping  me 
anism  while  taking  reading  since  external  forces  will  < 
turb  plunger  from  its  normal  position  and  may  affect  bo 
to-plunger  leakage  on  orifice  area. 

10.  Continue  to   rotate  plunger  by   small    increments   to   1 
highest  reading  on  flow  meter. 

11.  Maximum    readings   on    injectors   which   will    satisfactc 
perform  throughout  another  service   period    are   listed 
Table  6-1-7. 

12.  If  maximum   leakage  of  injector   being   checked   exce 
specified  values,  injector  must  be  sent  to  a  rebuild  sta 
for  replungering. 

13.  If  maximum  leakage  does  not  exceed  values  listed  in  Jt 


-handle  clamp.  This  applies  200  Ibs.  load  to  plunger. 

'he  cup-to-plunger  seal  is  acceptable  if  no  bubbles  occur 
n  10  seconds  or  if  time  interval  between  consecutive 
iubbles  of  air  observed  in  bubble  checker  exceeds  5  sec- 
nds. 

Vith  checks  completed  and  retraction  lever  in  "A"  posi- 
ion  disconnect  transfer  line,  exhaust  the  air  cylinder  and 
emove  injector. 


sembly. 

1.  Attach  ST-570  to  an  80/90  psi  air  supply. 

2.  Remove  spring   and  plunger  from  the   assembled  injector 
and  reinstall  plunger  only  in  the  injector  body. 

3.  Place  injector  in  ST-570  with  cup  seated  in  the  counter- 
bore  below  the  air  valve.  Fig.  6-1-39. 


INJECTOR 


ST-570 


Fig.  6-1-39.    Testing  injector  plunger-to-cup  seating  —  ST-570 
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Iternate  Method  of  Checking 
lunger-To-Cup  Leakage  ST-570 

T-570  can  be  used  to  check  injector  plunger-to-cup  seat 


a.  Position  flanged  injectors  with  inlet  and  drain  holes  up.  Fill 
holes  with  fuel  oil. 

b.  Install  cylindrical  injectors  with  drain  and  inlet  holes  up. 

4.  Position  injector  plunger. 

a.  With  size  mark   centered   between  the   injector  inlet  and 
drain  openings. 

b.  Fill  opening  with  fuel  oil  and  operate  plunger  several  times 
to  purge  any  air  trapped  in  injector. 

5.  Seat  handle  against  injector  plunger  link  and  let  the  weight 
control  the  force  against  plunger,  Do  not  apply  any  addi- 
tional force  to  handle  during  test.  Fig.  6-1-39. 

6.  Turn  on  air  pressure  (press  air  valve  button).  Injector  is 
acceptable  if  the  duration  of  time  before  the  first  air  bubble 
appears  is  more  than  ten   (10)  seconds,  and/or  time  be- 
tween the  observed  air  bubbles  is  not  less  than  five  (5) 
seconds. 

Caution:  E afore  deciding  the  injector  it  leaking,  be  sure 
any  air  trapped  in  the  fuel  passages  has  been  purged. 

7.  If  leakage  exists,  check  for  dirt  or  other  foreign  material; 
changing    or    reassembly    of   the    cup    will    often    correct 
leakage. 

8.  Injectors  are  checked  at  the  factory  on  the  equivalent  of 
the  ST-990  for  plunger-to-cup  leakage. 


Injector  Leakage  Checks 
Injector  Group  6 


The  ST-570  is  more  critical  on  this  test  than  the  ST-990 
and  parts  which  appear  defective  on  the  ST-570  are  ac- 
ceptable if  they  pass  the  ST-990. 

9.  If  the  cup  seat  is  damaged  in  any  way  and  the  injector 
does  not  pass  the  ST-990  or  ST-570  cup-to-plunger  seat 
test,  the  plunger  may  be  lapped  into  the  cup  to  obtain 
good  seating.  This  lapping  is  to  be  done  in  a  careful  man- 
ner, without  using  the  body.  Use  no  greater  than  300  grade 
lapping  compound  mixed  with  SAE  30  lubricating  oil.  Ap- 
plying light  pressure,  oscillate  the  plunger  in  the  cup  back 
and  forth  for  approximately  one  minute.  Fig.  6-1-40.  After 
lapping,  both  the  cup  and  plunger  must  be  cleaned  thor- 
oughly, lapping  compound  will  damage  fuel  system  parts 
unless  removed.  The  most  effective  cleaning  process  is 
the  use  of  an  "ultrasonic  cleaner"  and  an  after  rinse  in 
fuel  oil. 

10.  If  injector  is  satisfactory,  remove  plunger;  reinstall  spring 
and  plunger. 


Fig.  6-1-40.    Lapping  injector  plunger  in  cup 
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:yp  Spray  Pattern  Check 


Jheck  Injector  Spray  Pattern  —  ST-668 

wo  models  of  ST-668  are  being  used  in  the  Field  to  check 
up  spray  pattern,  the  first  was  released  in  1960  and  con- 
lins  black-oxide  plated  seat  and  seat  spacers;  the  current 
)ol  contains  "bright"  cadium  plated  seat  and  seat  spa- 
ers.  The  latter  unit  can  be  used  with  all  Cummins  in- 
sctors  while  the  earlier  model  cannot  be  used  with  2  de- 
ree  spray  angle  injector  cups. 


you  have  ST-668  with  black  oxide  finish  seat  and  spacer, 
may  be  brought  up-to-date  by  purchasing  ST-668,  Details 

5,  2,  1,  17,  18,  19,  20,  22,  23,  24,  25,  4,  37  and  3  from  your 

sarest  Cummins  Distributor. 

he  following  instructions  are  written  wilh  the  understand- 
tg  that  all  ST-668  Spray  Test  Fixtures  have  been  brought 
3-to-date. 


ST-668  on  or  near  ST-790  Injector  Test  Stand,  Fig. 
1-41  (or  other  source  of  50  psi  constant  fuel  pressure)  so 
jector  inlet  connection  of  test  stand  will  reach  injector 
>  be  spray  checked.  Use  injector  test  oil  or  fuel  oil  to 
srform  test. 

ttach  drain  hose  to  ST-668  base  and  place  loose  end  in 
F-790  drain  pan. 

ssemble  applicable  cup  seat  spacer  (see  Table  6-1-8)  to 
ist  bracket  bore. 

ace  "H-2"  seat  in  seat  spacer  and  bracket  bore  (seat 
•acket  bore  only,  if  2°  cups  are  to  be  checked)  or  if  L 
sries  cups  are  to  be  checked  use  ST-849  (black)  seat. 


**.* 

O    00 


Fig.   6-1-42.    Cylindrical   injector  in  ST-669 
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.  6-1-41.    ST-668  spray  test  fixture 
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Check  cup  markings  as  shown  in  Fig.  6-1-24  (7-007-17  indi- 
cates 7  holes,  .007  inch  diameter  and  17°  spray  angle). 

5.  Check  cup  markings  for  number  of  spray  holes  and  place 
applicable  target  ring  in  base  of  ST-668.  Target  rings  are 
marked  on  the  "handle"  (6  and  9  holes  or  5,  7  and  8  holes). 

6.  Insert  cylindrical  injectors  in  ST-726  Adapter.  Fig.  6-1-42. 


7.  Remove  plunger  assembly  and  spring  from  injector. 

8.  Select  correct  size  plunger  bore  plug  and  rubber  seal  and 
install   in   injector  plunger   bore.   Protect  injector  plunger 
from  dirt  or  damage  during  tests. 

9.  Install  the  solid  knurled  plug  in  injector  drain  opening,  or 
in  ST-726  Adapter,  if  cylindrical  injector. 


10.  Place  injector  in  ST-668  seat  and  adjust  hold-down  bracket 
into  position  required,  then  tighten  thumb  screw. 

11. .Tighten  knob  against  plug  and  seal  in  plunger  bore  so  it 
seals  thoroughly. 

12.  Attach  fuel  inlet  line  from  ST-790  or  other  pressure  source 
to  injector  inlet  or  ST-726  adapter. 

13.  Start  ST-790  Test  Stand  or  other  source  of  fuel  and  set 
pressure  at  50  psi. 


Table  6-1-8:  ST-668  Cup  Seat  Spacers 


Cup  Spray   Spacer  Spacer  Use  With 

Angle  Marking  Height  Injectors 


4° 


J-4 


0.187/0.193 


14.  Shift  target  ring  in  base  of  tool  so  one  spray  stream  hits 
center  of  No.  1   or  index  window.  This  is  tallest  window 
and  is  next  to  target  slide  handle. 

15.  Each  spray  stream  must  hit  a  window  in  the  target. 

16.  If  a  stream  hits  above,  below,  left  or  right  of  a  small  win- 
dow, shift  the  target  ring  so.  No.  1  window  is  at  that  stream. 
If  stream  is  still  outside  No.  1  window,  cup  is  defective  or 
spray  hole  is  dirty.  Clean  spray  holes  with  compressed  air 
and  recheck  cup.  If  spray  pattern  is  still  defective,  check 
to  make  sure  proper  target  ring  is  being  used,  or  discard 
cup. 

Note:  For  a  cup  to  be  acceptable  no  more  than  one  stream 
must  require  the  increased  tolerance  of  the  No.  1  window. 

17.  After  testing,   assemble  plunger  with   spring    in   body   and 
store  in  clean  place  until  ready  for  flow  test. 


Fig.  8-1-43.    Flanged  mounted  Injector  In  ST-668 
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ST-790  Test  Stand  Installation  and  Calibration 


injector  Test  Stand  —  ST-790 

The  ST-790  Injector  Test  Stand  is  the  recommended  cali- 
bration equipment  for  testing  and  calibrating  Cummins  in- 
jectors, but  it  must  be  properly  installed  and  calibrated  to 
obtain  the  highest  accuracy  possible. 

ST-790  Injector  Test  Stand  (Fig.  6-1-44)  is  used  to  test  all 
Cummins  PT  injectors.  ST-790  flow  tests  the  complete  in- 
jector assembly  by  measuring  fuel  delivery.  The  injector  is 
actuated  under  controlled  conditions  closely  simulating 
actual  operating  conditions.  The  test  stand  counts  injection 
strokes,  supplying  fuel  at  a  specified  pressure,  thereby 
measuring  the  delivery  in  a  glass  graduate. 

The  ST-590  Test  Stand  was  used  prior  to  release  of  ST-790 
and  may  be  converted,  ST- 

790  provides  more  accurate  results,  better  clamping  ar- 
rangement and  easier  operation.  The  accuracy  and  ad- 
vantages of  ST-790  Test  Stand  make  it  very  Important  that 
ST-590  Test  Stands  be  converted 
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Fig.  B-1-44.    Injector  test  stand  ST-790 


Description  of  Operation  —  ST-790 

1.  A  motor  driven  shaft  and  a  cam  are  housed  in  the  cam  box. 
The  cam  actuates  the  vertical  push  rod  at  the  bottom  of 
the  housing. 

2.  The  push  rod  is  connected  to  the  injector  by  a  link  so  the 
injector  plunger  will  be  actuated  by  cam  action  just  as  it  is 
in  the  engine.  Fig.  6-1-45. 

3.  Injectors  are  clamped  in  the  test  stand  by  hydraulic  pres- 
sure from  the  cylinder,  piston  rod  and  injector  seat.  The 
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Fig.  6-1-45.    Link  and  injector  in  position 
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Fig.  6-1-46.    Clamping  cylinder  and  seat 
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Fig.  6-1-48.    Air  pressure  connection 
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Fig.  6-1-47.    Timing  wheel 
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Fig.  6-1-49.    Hydraulic  valve 
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injector  seat  contains  a  removable  orifice  to  restrict  the 
metered  fuel  flow  and  cause  a  back  pressure  simulating 
compression  pressures  as  found  in  the  engine.  Be  sure  to 
use  correct  size  orifice.  Fig.  6-1-46. 

4.  Before  clamping  the   injector  in   the  test   stand  the   cam 
must  be  timed  by  rotating  the  timing  wheel  so  the  wheel 
mark  and  pointer  are  aligned.  Fig.  6-1-47. 

5.  Shop  air  pressure  regulated  by  this  air  regulator  is  used  to 
apply  a  balanced  force  on  the  hydraulic  system.  Fig.  6-1-48. 
The  air  gauge  at  top  of  hydraulic  reservoir  is  used  as  a 
reference  indicating  that  pressure  has  not  changed,  after 
being  set  using  a  load  test  cell  during  test  stand  calibra- 
tion. 

f.  When  the  air  valve  is  opened  air  travels  up  the  pipe  "in  the 
center  of  the  tube  type  hydraulic  reservoir  and  exerts  a 
dow;-vard  pressure  against  the  column  of  hydraulic  fluid. 
Fig  J-1-48. 


7.  When    both   the   air  valve   and   the    hydraulic   vatve    ar 
opened,  hydraulic  fluid  is  admitted  under  the  piston  in  th 
cylinder  and  lifts  the  injector  into  clamped  position.  An 
leak  in  the  hydraulic  clamping  system  will  directly  affec 
injector  loading  and  must  not  be  permitted. 

8.  In  clamped  position  and  with  the  appropriate  link  in  plac< 
tension  on  the  injector  is  the  same  as  it  is  in  the  operatin 
engine,  Use  of  the  improper  link  will  affect  clamp  load  an 
upset  delivery  values. 

9.  Fuel  is  delivered  to  the  injector  through  the  inlet   cor 
nector.  Fuel  pressure  here  is  controlled  at  this  point  by 
connecting  line  and  pressure  regulator.  Fig.  6-1-50. 

10.  The  second  connection  with  the  clear  plastic  line  is  the  ii 
jector  drain  connection  which  carries  drain  fuel  from  th 
injector  back  to  the  tank. 

11.  During  test  stand  operation  the  operator  starts  a  test  cycl 


Fig.  6-1-50.    Fuel  inlet  connector 
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Fig.  6-1-62.    Stroke  counter 
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Fig.  6-1-51.    Measuring  fuel  in  vial 
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which  diverts  fuel  to  the  vial  so  the  amount  of  fuel  being 
injected  can  be  measured.  Fig.  6-1-51. 

Fuel  is  delivered  to  the  vial  during  a  measured  number  of 
strokes -as  recorded  by  the  counter.  Fig.  6-1-52.  The  re- 
maining parts  of  the  test  stand  will  be  described  as  we  go 
through  the  actual  calibration  procedure. 

A  master  injector  which  has  been  previously  calibrated  at 
the  factory  is  used  in  setting  the  test  stand  prior  to  adjust- 
ing other  injectors  for  fuel  delivery.  The~master  must  never 
be  tampered  with. 


Injector  Group  6 


Flow  Testing  PT  Injectors  On  ST-790 


Flow  Testing  Adjustable 
Delivery  Injectors  On  ST-790 

ST-790  Test  Stand  is  used  to  flow  test  the  complete  in- 
jector assembly  by  measuring  fuel  delivery.  The  injector  is 
actuated  'under  controlled  conditions  closely  simulating 
actual  operating  conditions.  The  test  stand  counts  injection 
strokes,  supplying  fuel  at  a  specified  pressure,  thereby 
measuring  the  delivery  in  a  glass  graduate. 

1.  Remove  master  injector  ST-768  from  test  stand  after  cali- 
brating test  stand.  Install  correct  restrict  orifice  in  cup 
seat,  see  Table  6-1-9,  Fig.  6-1-68,  and  tighten  to  6  inch 
pounds. 

a.  .0115  inch  orifice  has  four  notches. 

b.  .013  inch  orifice  has  two  notches. 

c.  .020  inch  orifice  has  six  notches. 

Note:  Delivery  for  injector  with  approximate  strokes  of  800 
in  Table  6-1-9  is  established  by  setting  ST-790  Stand  with 
ST-768  Master  Injector;  then  turning  back  the  counter  by 
200  strokes.  For  example,  if  test  stand  counter  was  set  at 
1050  with  ST-768  Master,  the  injectors  to  -be  tested  would 
be  run  at  850  counter  strokes. 


Note:  When  flowing  C  Engine  Series    Injectors,  tl 

hold-down  plate  must  be  reversed  and  the  "J"  spacers  ( 
both  tie  rods  are  to  be  used. 


3.  Position   injector  in   test  stand  with   class   size   mark   c 
plunger  between  inlet  and  drain  ports. 

Note:  Check  injector  cup  to  make  certain  all  carbon  hi 
been  removed  from  the  cup  seating  area. 

4.  Check  injector  flow  specifications  for  model  injector  to  t 
tested.  Table  6-1-9.  Set  pressure  at  120  psi   prior  to  di 
pressing  flow  start  switch;  pressure  must  be  maintained 
120  psi  during  injector  test.  Run  injector  through  test  eye 
at  120  psi  and  check  cc  delivered  in  the  vial. 

5.  If  the  fuel  delivery  is  above  or  below  proper  flow  specific 
tions,  remove  adjustable  delivery  orifice  plug  from  inject' 
inlet. 

6.  Select  a  larger  or  smaller  inside  diameter  orifice  plug 
bring  flow  to  proper  value.  See  Table  6-1-10. 

Note:  A  very  useful  tool  for  checking  orifice  inside  diar 
eter  is  available  directly  from  the  Hamilton  Watch  Cor 
pany,  Lancaster,  Penn.,  or  their  dealers  as  "Kwik  Che 
Hole  Gauge,  Model  C#20".  This  is  especially  helpful  if  01 
fice  plugs  become  mixed.  Measure  orifice  at  base  er 
(not  wrench  end)  as  shown  in  Fig.  6-1-69. 

7.  Install  new  orifice  plug  and  tighten  to  8  to  10  inch-pounc 
torque  with  a  torque  screwdriver  or  torque  wrench. 


Fig.  6-1-68.    Installing  restrictor  orifice 


F60142 


Flanged  Adjustable  Delivery  PT  Injectors 

1.  Assemble  the  appropriate  link  (Table  6-1-11)  and  adapter 
to  the  injector. 

2.  Slide  appropriate  tie  rod  spring   retainers  against  springs 


=1 

uiZ 


-^J 


ei  « 


O 


8.  Run  injector  through   additional   test  cycles  as  necessary 
until  orifice  plug  used  will  bring  'delivery  into  proper  value. 


Note:  Never  use  first  reading  as  a  final  value. 


Shop  Manual 
Injector  Flow  Testing 
Injector  Group  6 


Fig.  6-1-70.    L  injector  mounting  parts  (or  testing 
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Fig.  6-1-71.    Removing  link  guide 


8-1-72.    Attach  fuel  line  adapters 


Fig.  6-1-73.    Center  injector  inlet  in  ST-726  inlet  hole 
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Fig.  6-1-74.    Rotate  cam  to  seat 
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Table  6-1-11:  ST-790  Test  Stand  Link  Data 

Engine  Bore 
Engine  Series  &  Stroke  Link  Marking 


4%6  x  5 


I 


3.  Check  to  be  sure  injector  inlet  is  centered  in  ST-726 
inlet  hole. 

4.  Remove  spring  and  plunger  from  body.  Leave  sprin 
and  install  plunger  into  body. 

Note:  Turn  injector  plunger  so  class  size  marking  01 
of  spring  retainer  is  mid-way  between  inlet  and  drain 
of  injector. 

5.  Perform  ball  valve  seating  before  calibrating  injector. 

a.  Attach  test  stand  inlet  pressure  line  to  drain  connects 
ST-726  Body. 


b.  Hold  injector  plunger  down  against  its  seat  in  injecto 
with  injector  in  a  vertical  position.  Assembly  may  be 
in   hand,  do  not  place  in  test  stand  holding   device. 
6-1-75. 

Note:  Be  sure  ST-708  needle  is  retracted. 

c.  Turn  on  test  stand,  and  adjust  pressure  to  150  psi. 

d.  Check  orifice  plug  inlet  opening  of  ST-726  Body  for 
age  past  ball  valve. 

Note:  Make  sure  plunger  is  seated  in  cup. 

e.  If  leakage  is  observed,  the  ball  must  be  re-seated, 
slight  seepage  is  not  harmful. 

6.  Reseat  the  ball  valve  if  leakage  is  observed  in  Step 

a.  Disconnect  fuel  line  and  remove  injector  from  ST-726  I 

b.  Remove  the  retainer  plug  at  top  of  injector  body.  Leav 
ball  in  place,  but  discard  the  retainer  gasket. 


Cylindrical  PT  (Type  B 


1.  Lubricate  inside  of  ST-726  Body  with  Lubriplate  so  injector 
"O"  rings  will  slide  into  adapter  without  damage  to  "O" 
rings. 

Note:  The  ST-726  Body  is  used  to  hold  cylindrical  injectors 
while  testing. 

2.  Seat  injector  in  body  so  injector  inlet  aligns  with  body  in- 
let as  injector  is  rotated  into  ST-726  Body. 


Fig.  6-1-75.    Check  leakage  at  Inlet  port 


rig.  6-1-76.    Seating  ball  with  ST-718 
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Fig.  6-1-77.    Cutting  ball  scat  with  ST-955  ball  saat  cutter 
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move  injector  plunger. 
8.  Install  ST-726  cam  and  rotate  into  notched  seats 


9.  Seat  injector  so  injector  inlet  aligns  with  ST-726  body  after 
injector  body  is  rotated  into  sleeve. 

10.  The  cam  pin  must  seat  in  slot  of  body. 

11.  Check  to  be  sure  injector  inlet  is  centered  in  body  inlet 
hole  to   prevent   breaking   ST-708   Burnishing   Tool   points 
when  installed  later. 

12.  Lock  the  cam  on  injector  and  sleeve  with  the  two  socket 
head  capscrews. 

13.  Install  spring  and  plunger  into  injector. 

Note:  Turn  injector  plunger  so  class  size  marking  on  top 
of  spring  retainer  is  mid-way  between  inlet  and  drain  ports 
of  injector:  Plunger  should  stay  in  this  position  until  in- 
stalled in  engine,  to  obtain  the  same  performance  in'  en- 
gine as  on  the  test  stand. 

14.  Assemble  retainer  plate  over  injector  with  pins  engaging  in 
cam  holes. 

15.  Position  injector  in  test  stand  with  correct  adapter  link.  See 
Table  6-1-11. 

Note:  All  tests  on  test  stand  are  performed  without  a 
screen  on  injector. 

16.  Assemble  ST-708  Burnishing  Tool  into  test  stand  injector 
inlet  connector.   Retract  the   needle   by  pulling   out   small 
knob.  With   needle   retracted   ST-708  tool   may  be  left  in 
connector  during  all  test  operations. 

Note:  PT  injector  delivery  is  adjusted   by 

burnishing  the  inlet  orifice  plug  with  ST-708  instead  of 
changing  the  plug. 

The  replaceable  needle  point  is  the  burnishing  member. 
Fig.  6-1-78. 


Screw  ST-718  Seating  Tool  down  against  the  ball  and 
tighten  to  30-40  inch-pounds  torque.  Fig.  6-1-76. 

Remove  ST-718  Seating  Tool.  Install  the  retainer  plug  with 
a  new  gasket.  Tighten  retainer  to  30-40  inch-pounds  torque. 

Check  injector  for  ball  valve  leakage  as  previously  de- 
scribed. In  rare  cases  it  may  be  necessary  to  seat  ball 
with  ST-718  screwed  to  a  maximum  of  50  inch-pounds. 

If  ball  does  not  seat  satisfactorily  after  Step  e,  it  will  be 
necessary  to  resurface  the  ball  seat  using  ST-955  Ball 
Seat  Cutter.  Fig.  6-1-77.  Great  care  must  be  exercised  in 
removing  only  enough  material  to  reface  a  new  seating 
surface  and  remove  all  metal  cuttings. 

Step  5  above  must  be  repeated  after  ST-718  sealing  op- 
eration or  ST-955  cutting  operation. 

With  injector  installed  in  ST-726  body.  Disconnect  .inlet 
pressure  line  from  drain  connection  of  ST-726  Body.  Re- 


Fig.  6-1-78.    ST-708  burnishing  tool 
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17.  Install  connector  and  ST-708  tool  into  ST-726  Body  inlet  by 
screwing  in  the  large  knob  section.  Fig.  6-1-79. 

18.  Install  drain  connection. 

19.  Run  injector  through  a  test  cycle  and  check  the  cc  delivery. 
If  delivery  is  lower  than  specifications  given  in  Table  6-1-9, 
turn  the  knob  with  indicator  point  until  it  is  spaced  1A  inch 
from  the  large  knob.  Fig.  6-1-81. 

20  Slowly  push  the  small  knob  in  until  you  feel  the  needle 
enter  the  orifice  plug  inside  diameter.  Then  turn  the  knob 
counter-clockwise  to  lock  the  needle  shaft  to  the  larger 
knob  with  the  indicator.  Turn  the  indicator  knob  in  until  you 
feel  the  needle  contact  the  plug.  Index  the  indicator  with 
a  mark  on  the  largest  knob  and  advance  one  mark  for  each 
two  cc  increased  delivery.  Fig.  6-1-82. 
Note:  Test  stand  must  be  running  while  burnishing  orifice 
with  ST-708. 


Fig.  6-1-81.    Knob  apaoiny 


Fig.  6-1-79.    ST-708  in  inlet  connection 
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Fig.  6-1-80.    Assemble  tool  to  adapter 
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Fig.  6-1-82.    Burnish  operation 


21.  Back  off  adjusting  screw  and  retract  needle,   thj 
delivery. 

22.  If  delivery  is  more  than  a  specified  cc  (Table  6-1- 
adjustable  orifice   must  be   installed   In  the   Injfl' 
Table  6-1-12.  Tighten  orifice  plug  to  8  to  10  Inc 
torque. 

Not*:  Some  orifice  plugs  have  flanges  and  requl 
ket  between  flange  and  body.  These  plugs  are  tig 
8  to  10  inch-pounds  torque. 

23.  New  inlet  orifice  plugs  contain  enough  stock  in 
diameter  so  a  small  displacement  of  metal  by  I 
will    increase    delivery,    The    amount    of    diaplai 
limited  so  several  orifice  plugs  are   required  to 
delivery  for  all  the  engine  models  from  low  to  h 
power.  See  Table  6-1-12. 

24.  When   delivery  Is   correct  (Fig.  6-1-83)   remove 
nection  and  drain  connection. 


piunger  so   ciass  size   marx  on   lop  or  spring   retainer   is 
mid-way  between  inlet  and  drain  ports  of  injector. 


5.  6-1-83.    Check  cc  delivery  in  vial 
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smove  injector  from  test  stand. 

smove  plunger  and  spring. 

amove  adapter  plate,  cam  and  body  from  injector  body. 

stall  plunger  and  spring  in  injector  body.  Position  the 
unger  class  mark  at  mid-way  between  inlet  and  drain 
>rts. 


able  6-1-12: 

Orifice  Plugs 

for  PT  (type  B 

Injectors 

iraight 
irt 
umber 

Inside 
Diameter 

Flanged 
Part 
Number 

Inside 
Diameter 

I3065 

.015 

177283 

.015 

.3066 

.016 

177284 

.016 

,3067 

.017 

177285 

.017 

•8338 

.018 

177286 

.018 

.3068 

.019 

177287 

.019 

'3069 

.020 

177288 

.020 

13070 

.021 

177289 

.021 

13071 

.022 

177290 

,022 

9726 

.023 

177291 

.023 

13072 

.024 

177292 

.024 

i3073 

.025 

177293 

.025 

.3074 

.026 

177294 

.026 

:3075 

.027 

177295 

.027 

I3076 

.028 

177296 

.028 

13077 

.029 

177297 

.029 

I3078 

.030 

177298 

.030 

I3079 

.031 

177299 

.031 

wrap-around  screen  is  used,  wrap  around  injector  over 
•ifice  so  lap  does  not  cover  orifice,  then  secure  screen 
/  clip.  Position  clip  so  slot  is  located  over  orifice. 

flanged  orifice  is  used  insert  disc  screen  over  orifice 
id  assemble  retainer  ring  to  hold  screen  in  place. 

ote:  Pull  plunger  and  spring  from  body,  install  mounting 


Fuel  Lines  and  Connections 
Injector  Group  6 


PT  Injector  Group 


Assemblies  included  in  this  group  are  fuel  tubing,  fittin 
and  connections. 


Fuel  Tubing,  Fittings  and  Connections— Unit  601 


Fuel  Tubing  and  Fittings 

Reject  any  fuel  tubing  or  tubing  fittings  that  are: 

1.  Not  standard  size  or  length. 

Caution:  Note  Fig.  6-2-1,  which  illustrates  two  different 
angle  fittings  used  on  Cummins  wire  braid  hose.  Failure  to 
use  proper  combinations  may  cause  air  or  fuel  leaks. 

2.  Twisted'  or  bent  out  of  shape. 

3.  With  damaged  threads. 


i 
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4.  Inspect  threaded  end  of  all  connections;  replace  if  threa 
are  damaged. 

5.  Replace  copper  gasket,  rubber  "O"  ring  and  retainer. 

Note:  Fuel  line  and  tank  specifications  are  given  in  B 
letin  983535. 


«•  MOLE  nrnm  urn  imvn 
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Fig.  6-2-1.    Wire  braid  hole  fitting  and  swivel  angles  F60184 


Fig.  6-2-2.   Removing  injector  inlet  screen 
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Fuel  Inlet  and  Drain  Connections 

Fuel  connections  are  used  only  with  flanged  injectors. 

1.  Remove  strainer  screen  from  inlet  connection.  Fig.  6-2-3. 

2.  Clean  screen  in  solvent  and  dry  with  an  air  jet,  blowing  in 
reverse  direction  of  fuel.  flow. 


Lubricating  System 


The  lubricating  system  group  consists  of  the  oil  pan,  lines, 
dipstick,  filters,  coolers,  oil  pumps  and  pressure  regulators. 


Lubricating  Oil  Pan -Unit  701 


Specifications 

The  extreme  angular  operation  at  which  a  vehicle  is  to  be 
operated  must  be  known  and  a  lubrication  system  provided 
that  is  suitable  for  the  maximum  angle  of  operation.  Engines 
for  automotive  vehicles  should  be  protected  to  at  least  10° 
vehicle  angularity  of  operation  and  engines  for  construc- 
tion equipment  must  be  equipped  with  the  necessary  com- 
ponents to  permit  at  least  30°  vehicle  angularity  of  opera- 
tion. A  double  lubricating  oil  pump  is  available  to  be  used 
on  engine  applications  where  extremely  high  angularities 
are  encountered.  See  Table  7-1-1  for  oil  pan  capacities, 
sump  location  and  permissible  angularity. 


Disassembly 

1.  Remove  all  gasket  material  from  oil  pan  mating  surfaces. 

2.  Remove  damaged  helicoil  inserts. 

Cleaning  And  Inspection 

1.  Steam  clean  pan  and  all  mounting  parts. 

2.  Clean  cast  iron  or  steel  pan  in  hot  solvent  tank. 

Caution:  Do  not  use  solvent  that  will   harm  non-ferrous 
metal  (aluminum,  copper,  brass,  solder). 

3.  Visually  check  oil  pan  for  cracks  or,  if  a  leak  is  suspected, 
check  using  dye  penetrant. 

a.  Spray  suspected  area  with  dye  penetrant. 

b.  Allow  penetrant  to  dry  for  fifteen  minutes.  Do  not  "force 
dry." 

c.  Spray  area  with  dye  developer. 

d.  Check  for  crack  indications. 

4.  Check  helicoil  inserts  on  aluminum  oil  pans.  If  lost  or  dam- 
aged mark  for  replacement. 

5.  Check  all  threaded  holes  for  damaged  threads. 


Repair 

1.  Repair  lost  or  damaged  helicoil  inserts. 


tool  to  remove  damaged  helicoils.  Condition  hole  and  in- 
sert new  helicoil.  Refer  to  Service  Tool  Catalog 
for  proper  helicoil  tool. 

b.  Use  starting  and  finishing  tap  for  helicoil  inserts  for  new 
or  oversize  holes  in  aluminum.  When  tapping  aluminum,  use 
fuel  oil  for  lubricant  to  prevent  tearing.  Fig.  7-1-1. 


Fig.  7-1-1.     Installing  helicoil   insert  in  oil   pan 
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c.  After  inserting   helicoil,   bend   starting   end   toward   center 
then  back  toward  side  of  hole  to  break  off  installation  tip. 

2.  Repair  small  cracks  in  pan  by  welding.  Do  not  weld  finished 
surfaces. 

3.  Repair  oil  plug  drain  hole  in  aluminum  or  die  cast  oil  pans 
when  drain  hole  threads  are  damaged.  Two  oversize  plugs 
are  available  to  permit  re-thread  of  oil  pan  drain  holes  at 
least  twice. 

a.  Part  No.  62117  Oil  Pan  Drain  Plug;  Size  1V«  in.  x  12  thread. 

(1)  Enlarge  damaged  hole  by  drilling  to  H%4  in.  [29.7656  mm]. 

(2)  Tap  hole  with  a  1'/4  in.  x  12  tap.  When  tapping  aluminum, 
use  fuel  oil  for  lubricant  to  prevent  tearing  of  metal. 

(3)  Install  new  drain  plug  with  a  new  copper  gasket.  Tighten 
to  60/70  ft.  Ib.  [8.2980/9.6810  kg  m]  torque. 

b.  Part   No.   120349   Oil   Pan   Drain   Plug;   Size   1V>    in.   x    12 

throarl 
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Table  7-1-1:  Oil  Pan  Capacity  U.S.  Gallons  [Liters]  And  Angularity  (Continued) 


Part         Sump  No.  Eng.  Mtd.  Capacity                                                                                                        Engine 

No.          Location  Cyl.  Tilt  Angle  Hi                 Low                                                                                            Model 

38137  Front  &  6  0°  4  (15*140)  .    ~~  -  •                                   C 
rear                                                 3   (11.355) 


Enlarge  damaged  hole  by  drilling  to  H%«  in.  [32.9406  mm]. 

Tap  hole  with  a  1V«  inx12  tap.  When  tapping   aluminum 
use  fuel  oil  for  lubricant  to  prevent  tearing  of  metal. 

Install  new  drain  plug  with  a  new  copper  gasket.  Tighten 
to  60/70  ft.  Ib.  [8.2980/9.6810  kg  m]  torque. 


Assembly 

Install  pipe  plugs  to  oil  pan  securely.  Do  not  overtighten. 

Apply  new  gasket  to  oil  pan-to-block  mating  surface.  Be 
sure  mating  surface  is  clean  of  all  old  gasket  material  be- 
fore applying  new  gasket. 


Lubricating  Oil  Lines— Unit  702 


Specifications 

1.  Hose  used  for  lubricating  oil  or  fuel  should  consist  of  a 
seamless  synthetic  rubber  inner  tube  reinforced  with  fabric 
braiding  and  wire  braiding,  and  covered  with   a  synthetic 
rubber-impregnated    oil-resistant    fabric    braid    or    rubber 
coating. 

2.  The  minimum   flexible  hose  sizes   required   for  lubricating 
oil  plumbing  are  given  in  Table  7-2-1. 

3.  The  hose  should  be  capable  of  handling  fluids  ranging  in 
temperature  from  —40°  to  300°  F.  [—40°  to  148.9°  C.]  and 
be  suitable  for  use  with  lubricating  oil  and/or  fuel  oil. 

Caution:  Since  engine  lube  oil  temperature  may  exceed 
250°  F.  [121.1°  C.]  at  full  load  operation  and  high  ambients, 
hose  meeting  SAE  specifications  100  R  1  and  100  R  5  will 
not  be  adequate  unless  it  is  also  capable  of  handling  fluids 
within  the  temperature  range  as  stated  above. 

4.  Hose  subject  to  high   incidence   of   salt  spray  from    road 
splash  or  on  marine  engines  may  require  the  use  of  cor- 
rosion-resistant wire  braid  or  protective  vapor-resistant  wire 
braid  or  protective  rubber  covering,  and  should  have  brass 
hose  fittings  and  adapters. 

5.  On  those  installations  where  there   is  high   relative  move- 
ment between  parts  connected  by  lube  oil  hose,  such  as 
filters  mounted  on  frames  and  plumbed  to  the  engine,  con- 
sideration should  be  given  to  the  use  of  premium-type  hose 
material  to  avoid  rubber  fatigue  which  results  in  oil  seep- 
age and  possible  rupture  of  the  hose  liner. 

6.  Consideration    should    also   be    given   to   the   clamping   of 
hose;  that  is,  enough  flexibility  has  to  be  provided  to  ac- 
commodate the  relative  movement  and  at  the  same  time 
clamps  should  be  located  as  required  to  prevent  chafing 
of  the  hose. 


Cleaning 

1.  Clean  all  lubricating  oil  hose,  inside  and  outside,  in  a  tank 
of  suitable  solvent. 

2.  Dip  hose  in  a  hot-water  tank  and  dry  with  compressed  air, 
inside  and  outside. 

3.  Flush  all  flexible  lubricating  oil  hose  with  a  water  solution 
containing  a  good  grade  soap  cleaning  compound  at  not 


Inspection 

1.  Inspect  oil  connections,  flanges  and  tubing  for  cracks; 
ject  if  defective. 

2.  Inspect  flexible  hose  for  defects  and  deterioration.  Rej 
hose  that  has  become  hard  and  brittle.  Check  for  rai; 
or  swollen  spots.  Since  flexible  hose  usually  begins  to  < 
teriorate   on   the    inside,   the   hose   should    be   thoroug 
checked  for  signs  of  internal  collapse.  If  hose  should  c 
lapse,  the  lubricating  oil  flow  would  be  seriously  restrict 


Repair 

Replace  defective  or  cracked  hose  and  connections  v 
new  parts.  Average  life  of  the  flexible  oil  hose  is  100.00C 
200,000  miles  [160,900  to  321,000  km]  or  3200  to  6400  ho 
depending  upon  amount  of  bend  and  temperature  to  wf- 
hose  is  subjected.  For  shops  equipped  to  make  up  h 
from  bulk  hose,  follow  steps  below  to  insure  proper  fitl 
installation. 

1.  Cut  hose  to  the  required  length  using  a  hacksaw. 

2.  Hose  cut  should  be  square  within  5°. 

3.  Lay  hose  flat  before  cut  is  made. 

4.  Hose  should  not  be  crushed  while  sawing   (crushed  h 
will  permit  nipple  to  pick  up  hose  inner  tube  and  bl 
passage). 

5.  Place  socket  in-jaws  of  a  vise. 

Note:  Check  all  fittings  to  make  sure  of  fit  on  mating  p 
sea  "Fittings"  following. 

6.  Rotate  hose  counterclockwise  while  pushing  it  into  soc 

7.  Hold  hose  so  that  it  enters  socket  straight  to  prevent  cc 
ing  of  hose  in  socket. 

8.  Turn  hose  into  socket  until  it  bottoms. 

9.  Check  hose  to  be  sure  it  has  bottomed  and  does  not 
in  from  being  pushed  in  too  far. 

10.  Place  socket  and  hose  assembly  in  jaws  of  a  vise.  (Cl; 
on  the  socket.) 

11.  Apply  lubrication  on  nipple  and  inside  of  hose  for  easi 
assembly  using  SAE  40  oil. 

12.  For  Stratoflex  Type  211  or  Aeroquip  Type  1503  hose,  h 
assembly  tools  are  available  for  assembling  nipple  ass 
blies  into  hose  and  socket  assembly.  These  tools  has 
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isecl  on  hose  sizes  4  through -12.  Reference:  Aeroquip  Corp. 
"ool  Kit  #1597  SAE,  for  sizes  16  through  24  or  Kit  #1667 
M.T.  for  Stratoflex  Type  213  hose;  the  nipple  may  be  as- 
iembled  to  the  hose  and  socket  assembly  by  turning  the 
lipple  into  the  socket  using  an  appropriate  wrench  on  the 
lipple  hex. 

:or  Stratoflex  Type  211  or  Aeroquip  Type  1503,  the  swivel 
lut  and  nipple  can  be  easily  assembled  to  socket  and  hose 
f  nut  and  nipple  assembly  are  first  tightened  on  an 
idapter.  With  adapter-type  assembly  unit,  a  drill  which 
ilosely  corresponds  to  I.D.  of  fittings  should  be  used  as  a 
>ilot  to  start  nipple  into  socket  and  base  assembly. 
\dapters  are  not  required  for  use  with  Stratoflex  Type  213 
lose. 

\ssemble  nipple  in  socket  and  hose  assembly. 

Dn  swivel  assemblies  there  should  be  VSz  to  Me  in.  [0.7937 
:o  1.5875  mm]  clearance  between  nut  and  socket  for  Strato- 
:lex  211  or  Aeroquip  Type  1503  hose.  No  clearance  should 
:e  allowed  for  Stratoflex  Type  213  hose. 

Remove  hose  assembly  from  vise. 

nspect:  no  inner  tube  shavings  are  allowable. 


Table  7-2-2:  Hose  Bends  —  In.  [mm] 


Hose 
Size 

Inside 
Dia. 

Outside 
Dia. 

Minimum  Bend 
Radius 

4 

3/16' 

-[4.7625] 

31/64 

[12.3031] 

2 

[50.800] 

5 

1/4 

[6.350] 

35/64 

11  3.8906] 

2-1/4 

[57.150] 

6 

5/16 

[7.9375] 

39/64 

[15.4781] 

2-3/4 

[69.850] 

8 

13/32 

[10.3187] 

47/64 

[18.6531] 

4-5/8 

[117.475] 

10 

1/2 

[12.700] 

53/64 

[21.0343: 

5-1/2 

[139.700] 

12 

5/8 

[15.875] 

61/64 

[24.2093] 

6-1/2 

[165.100] 

16 

7/8 

[22.225] 

1  13/64 

[30.5593] 

7-3/8 

[187.325] 

20 

1-1/8 

[28.575] 

1  31/64 

[37.7031] 

9 

[228.600] 

24 

1-3/8 

[34.925] 

1  23/32 

[43.6562] 

11 

[279.400] 

Fittings 

Fig.  7-2-1  illustrates  two  different  angle  fittings  used  on 
wire  braid  hose.  The  bottom  coupling  illustrates 
a  universal  fitting  to  be  used  with  either  of  the  fittings 
shown.  Always  check  for  correct  mating  parts.  Failure  to 
use  proper  combinations  may  cause  air  or  fluid  leaks. 


Fable  7-2-1:  Hose  Size 


Location 


Minimum  Hose  Size 


Full-Flow  Filter 
furbo.  Oil  Supply 
Turbo.  Oil  Drain 
By-pass  Filter 


No.  12 
No.  6 
No.  16 
See  Unit  704 


Suction  Tube 

Remove  the  mounting  capscrews  from  flange-mounted  suc- 
tion tube  to  lube  pump  body. 

Remove  retaining  clip  and  screen  from  suction  bell. 

Clean   screen   and  tube;   soak   In   solvent,   dry  with    com- 
pressed air. 

Inspect  parts  for  damage  and  replace  as  needed. 
Reassemble  screen. 

Where  "OM  rinns  arfi  usfiH  nn  thp  siip-tirm  tnkpQ    install   rtft\A 


Fig.  7-2-1.    Hose  fittings 

Reference  Fig.  7-2-1: 
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©  37°  angle  fitting  and  swivel. 
@  45°  angle  fitting  and  swivel. 
®  Universal  swivel  adaptable  to  37°  or  45°  angle  fitting. 
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Lubricating  Oil  Dipstick- Unit  703 


The  dipstick  supplied  on  each  engine  to  check  the  oil  level 
has  been  calibrated  for  a  certain  oil  level  when  used  with 
a  specific  oil  gauge  tube  and  with  the  engine  in  a  certain 
position  (angle  of  tilt  sideways  and  fore  and  aft).  Normally, 
a  dipstick  may  be  used  for  engine  power  angles  ±1°  from 
the  angle  specified  for  that  particular  cfipstick.  Too  high 
an  oil  level  will  cause  foaming,  excessive  oil  temperature 
and  power  loss.  Too  low  an  oil  level  will  result  in  oil  pres- 
sure fluctuation  and  possible  loss  of  oil  pressure. 

In  the  event  a  dipstick  should  be  lost  or  damaged  and  a 
new  dipstick  is  required: 

1.  If  part  number  is  known,  from  original  engine  parts  list  or 
from   part   number   on    old    dipstick,    replacement   number 
should  be  used  and  recorded  so  further  servicing  problems 
will  be  avoided. 

2.  If  it  becomes  necessary  to  mark  a  blank  dipstick  for  use, 
see  Table  7-3-1  for  lengths  available.  Use  straight  or  flex- 
ible dipstick,  as  required. 


tube,  remove  dipstick  and  cut  off  end  the  same  amount 
measured  protrusion  (to  bottom  of  cap). 

f.  Insert  dipstick  all  the  way  into  tube.  Remove  dipstick  i 
mark  low  oil  level  indicated.  Mark  should  be  0.010  in.  [0.2 
mm]  deep.  Stamp  (electric  etch  on  spring  steel)  letter  ' 
immediately  above  mark. 

g.  Cut  excess  length  off  dipstick  leaving  minimum  of  '!•> 
[12.7000  mm]  below  low  level  mark. 

h.  Add  amount  of  oil  to  pan  to  bring  to  high  level  as  indica 
in  Table  7-1-1.  Allow  time  for  all  oil  to  drain  into  pan. 

i.    Insert  dipstick  and  withdraw;  now  mark  oil  level  indicat 
Stamp  letter  "H"  immediately  above  mark. 


Table  7-3-1:  Blank  (Unmarked)  Dipstick  Length 


Part  Number 

Type 

131461 
131462 
131463 
161482 
161483 
161484 

Straight 
Straight 
Straight 
Flexible 
Flexible 
Flexible 

In. 

[mm] 

11-7/16 
23-1/4 
47-11/16 
20 
40 
60 

[290.5125] 
[590.550] 
[1211.2625] 
[508.000] 
[1016.000] 
[1524.000] 

a.  Determine  oil   pan   part  number;  check  high   and   low   ca- 
pacity. Table  7-1-1. 

b.  Place  equipment  where   engine   is   in   level   or  normal   op- 
erating position. 

c.  Drain  all  oil  from  oil  pan;  drain  both  sumps,  if  engine  is  so 
equipped.  Make  sure  all  oil  has  drained  down  from  engine. 

d.  Fill  oil   pan  with   amount  of  oil   indicated   as   low  level   in 
Table  7-1-1.  Make  sure  oil  goes  into  sump  containing  dip- 
stick; allow  sufficient  time  for  oil  to  drain  down   into  the 
pan.  Where  possible  it  is  best  to  put  clean  oil  directly  into 
pan  to  get  most  accurate  results. 


Lubricating  Oil  Coolers— Unit  705 


Standard  Oil  Cooler 

Disassembly 

1.  Remove  cooler  cover  and  discard  gasket. 

2.  Remove  top  exposed  "O"  ring,  under  brass  retainer,  being 
careful  not  to  scratch  or  mar  sealing  surface  on  element. 

3.  Use  mineral  spirits  or  equivalent  to  clean  out  lube  ojl  and 
contaminants  trapped  in  housing  by  forcing  cleaner  through 
the  oil  ports. 

4.  To  remove  element  from  housing,  insert  two  %2  in.  [5.5562 
mm]  rods  8  in.  [503.200  mm]  long  into  the  outside  row  of 
tubes  opposite  each  other. 

Note:  The  rods  should  not  drag  bottom  of  housing. 

5.  Place  a  flat  bar  on  top  of  housing  and  bundle  face,  be- 
tween rods,  and  rotate  element  in  housing  to  unseat  lower 
"O"  ring. 

Note:  While  turning  element  lift  up  gradually  on  rods  to 
free  "O"  rings.  When  up  about  %2  in.  [3.9687  mm],  element 
should  be  free  to  lift  out  of  housing. 


cleaning  solvent  that  will  not  harm  non-ferrous  metal. 

2.  Finish  cleaning  by  blowing  through  bundle  with  compresse 
air. 

3.  Inspect  element  for  corrosion  or  cracks  where  tubes  ar 
welded  to  end  plates. 

4.  Clean  housing  and  connections  in  approved  cleaning1  so 
vent  and  inspect  for  cracks  or  damage. 

5.  Inspect  rubber  hose  clamps;  replace  as  necessary. 

6.  Inspect  lubricating  oil  cooler  assemblies  for  leakage  be 
tween  oil  and  water  passages. 

a.  Clamp  housing  and  cooler  element  assembly  in  fixture  an 
assemble  air  connection. 

b.  Place  unit  in  water  tank  and  apply  1  to  4  psi   [0.07031   \ 
0.28124  kg/sq  cm]  air  pressure. 

c.  Inspect  for  air  leaks  at  pipe  plugs,  porosity  in  casting,  an 
air  leaks  past  "O"  ring  seal. 

d.  Apply  line  air  pressure,  35/40  psi  [2.4605/2.8120  kg/sq  cm 

e.  Inspect  for  air  leaks  as  per  step  "c". 


''•^''v'A^ti^  f.'"'   I'-''-'-': 

Fig.  7-5-1.    Pulling  oil  cooler  element 
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Cleaning  and  Inspection 

1.  To  prevent  hardening   and  drying  of  foreign   substances, 


Repair 

Repair  damaged  tubes  by  inserting  a  smaller  O.D.  tube  ii 
side  damaged  tube.  Cut  and  flare  ends;  then  solder  si 
curely.  Do  not  restrict  more  than  5%  of  total  number  < 
tubes  in  this  manner.  If  more  than  5%  of  tubes  are  defe< 
tive,  discard  element. 

Caution:  Do  not  damage  adjacent  tubes  with  heat  whi 
soldering. 


Assembly 

1.  Lubricate  rubber  "O"  ring  and  place  in  groove  at  botto 
of  housing  just  prior  to  installing  element.  Make  sure  rir 
is  not  twisted  and  is  free  of  cuts  or  nicks. 

2.  Push  element  into  housing,  aligning  index  marks  on  hou 
ing  and  element.  See  Fig.  7-5-2. 

3.  Press  second  "O"  ring  around  top  of  element  with  a  woo 
en  block  to  assure  equal  pressure  around  ring  circumft 


Note:  Flush  inside  of  tubes  with  clean,  light  oil  after  both 
oil  and  water  sides  of  cooler  have  been  cleaned. 


c 


ig.   7-5-2.    Oil   cooler  element 
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Cleaning  (Water  Side) 

1.  Immerse  core  of  oil  cooler  in  solution  of  one  part  muriatic 
acid  and  nine  parts  water  after  adding  1  Ib.  [0.4536  kg]  of 
oxalic  acid  and  .01   gal.  [0.0379  lit]  of  pyridene  to  each  5 
gal.  [18.925  lit]  of  acid. 

2.  Remove  core  when  foaming  and  bubbling  stops.  This  us- 
ually takes  30  to  60  seconds. 

3.  Immerse  unit  in  a  5%  solution  of  sodium  carbonate.  Re- 
move when  bubbling  ceases  and  pressure  flush  with  clean 
warm  water. 

4.  Clean  inside  of  case  thoroughly  with  steam,  or  solvent,  or 
both. 


Dlace  new  retainer  ring  over  eublj.ir  ri)"  ring. 
Assemble  new  gasket  and  front  cover  to  housing. 


Auxiliary  Oil  Cooler 


Disassembly 

Remove  all  flanges,  hose  and  connections  from  oil  cooler. 

Remove  cover  plates  from  oil  cooler  and  water  cooler  sec- 
tions of  oil  cooler. 

Remove  core  from  housing  if  removable  type. 

Note:  To  prevent  hardening  and  drying  of  foreign  sub- 
stances, clean  core  or  cores  as  soon  as  possible  after  re- 
moval. 


Cleaning  (Oil  Side) 

Immerse  the  core  in  carbon  tutrachloricJo  or  trichlorethylene 
or  in  other  approved  cleaning  solvent.  Lot  unit  stand  in  sol- 
vent for  several  minutes.  Force  i:\uai\e-r  around  tubes  with 
hand  rubber  suction  cup  or  with  hand  or  motor-driven  pump. 
Continue  until  clean. 

Caution:  This  operation  should  be  dona  in  open  air  or  in  a 
well-ventilated  room  to  avoid  toxic  «Hect  of  chemicals 
being  used. 

If  oil  passages  are  badly  cloggt-.u,  circulate  an  oakite  or 
alkaline  solution  through  the  tubes.  After  cleaning,  flush 
thoroughly  with  hot  water. 


Inspection  and  Repair 

1.  If  leak  occurs  in  a  tube,  repair  by  inserting  a  smaller  O.D. 
copper  tube  inside  the  damaged  tube. 

2.  Cut  and  flare  ends  of  smaller  tube  and  solder  both  ends 
securely. 

3.  Be  careful  not  to  damage  adjacent  tubes  with  torch  flame. 

4.  Do  not  restrict  more  than  5%  of  total  number  of  tubes  in 
this  manner.  To  do  so  would  result  in  an  undesirable  in- 
crease in  operating  temperature,  as  well  as  considerable 
pressure  drop. 


Assembly  and  Testing 

1.  Install  oil  cooler  units  in  housing. 

2.  Replace  all  old  gaskets  and  "O"  rings  with  new  ones.  Dip 
new  gasket  in  light  machine  oil  for  1  or  2  minutes  before 
installing. 

3.  Assemble  covers  and  mounting  brackets  with   capscrews 
and  lockwashers. 

4.  Seal  core  outlet. 

5.  Seal  inlet  with  fitting  designed  for  application  of  air  hose 
and  gauge. 

6.  Subject  core  to  35/40  psi  [2.4605/2.8120  kg/sq  cm]   allow- 
ing only  atmospheric  pressure  in  the  casing. 

7.  Permit  unit  to  stand  for  15  to  20  minutes,  then  check  pres- 
sure gauge  for  pressure  drop  which  will  denote  a  tube  or 
header  leak. 

8.  To  test  case,  seal  coolant  outlet  and  seal  casing  with  wa- 
ter; then  follow  same  procedure  as  in  the  core  test.  A  pres- 


sure  drop  on  gauge  will  denote  a  casing  leak. 

9.  If  core  is  not  intended  for  immediate  use  after  repair  and 
test,  it  should  be  prepared  for  storage. 

a.  Allow  unit  to  drain  thoroughly  and  blow  out  remaining  liquid 
with  air. 

b.  Flush  light  machine  oil  or  soluble  oil  through   tubes  and 
drain  off  excess. 

c.  Seal  all  inlets   and  outlets  to  prevent  entrance  of  dirt  or 
foreign  matter. 


Lubricating  Oil  Pump-Unit  706 


Double  Lubricating  Oil  Pump  (6-Cyl.  Engine) 
Disassembly 

1.  If  not  previously  removed,   remove  suction  tube  assembly 
from  oil  pump. 

2.  Remove  capscrews  and  lockplates  (15,  Fig.  7-6-3)  securing 


Table  7-6-2: 


Double  Lubricating  Pump  Dimensions 


Part  Description 

(See  Fig.  7-6-3  for  number  referenced  in  parentheses) 

New  Win. 
In.         [mm] 

New  Max. 
In.         [mm] 

0.6175  [15.6845] 
0.9935   [25.2349] 
0.61  55   [15.0397] 
0.9910  [25.1714] 
1.8330  [46.5582] 
1.8420  [46.7868] 

Worn  Limits 
In.         [mm] 

0.6  1  85  (1!i.V( 
0.99-15  [25.U< 
0.01  -10  llii.M 

o.oaao  [?f).i: 

1.8310  [40.51 
1.8430  [4C.8 

Idler  and  Drive  Shaft  Bushings  (2) 
Idler  Gear  Bushing  (7) 
Idler  and  Drive  Shaft  Outside  Diameter  (25,  28) 
idler  Gear  Spindle  Shaft  (26) 
Gears  Outside  Diameter  (19,  5) 
Bodies,  Gear  Pockets  (1,  10)  Minor  Diameter 

0.6165  [15.6591] 
0.9925  [25.2095] 
0.6150  [15.6210] 
0.9900  [25.1460] 
1.8320  [46.5328] 
1.8400  [46.7360] 

3.  Inspect    scavenger-to-mairt    pump    housincj    rlowo 
loose  or  damaged,  remove. 

4.  Remove  scavenger  driven   gear   (18)   and    idlor   f| 
(19)  from  main  housing.   Inspect  bushings  (11).   il 
damaged,  press  out  and  discard. 

5.  Check  scavenger  housing  bushing  (11).  If  worn  o 
remove  from  housing  and  discard. 

6.  Remove  lockwires   and   capscrows   securing   idlor 
tainer  (1)  to  cover  (5).  Remove  retainer. 

7.  Remove  idler  gear  (3),  thrust  washor  (20)  and  idlor 
from  cover. 

8.  If  idler  gear  bushing  (2)   is  worn  or  scored,  pros; 
discard.  See  Table  7-6-2  for  wear  limits. 

9.  Remove    lockwires,    capscrews    and    lockplatos 
cover  (5,  Fig.  7-6-3)  to  main  pump  housing  (9).  lns| 
housing  dowels.  If  worn  or  loose,  pull  and  discarc 
gasket  (6). 

scavenger  pump  housing  to  main  pump  housing.  Remove 

scavenger  pump  housing  (16)  and  gasket  (10).  Discard  gas-        10.  Press  drive  shaft  (8)  from  driven  gear  cover  (5) 

(7)  that  rides  in  main  housinq. 


Fig.  7-6-3.   Six-cylinder  double  lubricating  oil  pump  —  exploded  view    N20791 


ket. 


nspoct  bushings   in   cover.   If  worn,   scored   or  damaged, 
iress  out. 

'ress  scavenger  drive  shaft  (12)  from  main  housing  gear 
7)  and  main  housing. 

'ress  scavenger  drive  shaft  from  scavenger  drive  gear  (17) 
md  remove  key  (13)  from  shaft. 


main  housing  bushings  (11).  If  worn  or  scored,  press 
>ut  and  discard. 


gear  (18),  press  a  new  bushing  flush  on  each  side  of  gear. 

13.  Install  scavenger  pump  idler  gear  shaft  (19)   in  scavenger 
pump  housing  and  position  scavenger  pump  driven  gear  (5) 
on  shaft. 

14.  Replace  dowel  (14)  in  housing,  if  removed. 

15.  Position  gasket  (10)  and  scavenger  pump  housing  on  lubri- 
cating   pump    housing;    secure    with    capscrews    and    lock- 
plates. 

16.  Lockwire  capscrews. 


"leaning  and  Inspection 

j'ean  all  disassembled  parts  in  approved  cleaning  solvent. 

iheck  both  housings  carefully  for  obstructions  in  oil  pas- 
;:iges. 

nspect  gears  for  broken  or  chipped  teeth. 

^echeck  all  bushings  and  shafts  for  scoring,  wear  or  dam- 
ige.  See  Table  7-6-2. 

nspect  housings  and  cover  for  cracks,  stripped  threads  or 
>ther  damage.  Retap  stripped  threads. 


\ssetnbly 


-"ress  new  bushings  into  housings  where  removed. 

3osition  key  on  scavenger  pump  drive  shaft  (12,  Fig.  7-6-3); 
align  slot  of  scavenger  pump  drive  gear  with  key  and  press 
gear  (17)  onto  shaft. 

Insert  scavenger  pump  drive  shaft  (12)  through  pump 
housing  bushing  (11).  Press  main  housing  gear  (7)  onto 
shaft. 

If  bushings  were  removed  from  pump  cover,  press  in  new 
bushings. 

Press  other  main  housing  gear  into  place  on  drive  shaft  (8). 

Insert  drive  shaft  through  bushing  on  lubricating  pump 
cover;  press  oil  pump  driven  gear  (21)  onto  pump  drive 
shaft  (8). 

If  dowels  were  removed,  position  dowels  on  main  pump 
housing. 

Position  gasket  and  cover  (5)  on  housing  (9);  secure  with 
lockplates  and  capscrews. 

If  idler  gear  bushing  (2)  was  removed,  press  a  new  bushing 
nto  idler  gear  (3). 

Position  idler  gear  shaft  (4),  thrust  washer  (20),  idler  gear, 
and  idler  gear  retainer  (1)  on  cover;  secure  with  capscrews. 

If  bushing  (11)  was  removed  from  scavenger  pump  housing 
(16),  press  in  new  bushing. 

If  bushings  (11)  were  removed  from  scavenger  pump  idler 


Pressure  Regulator— Unit  707 


The  pressure  regulator  is 


a  part  of  the  filter  head 


Disassembly 

1.  Remove  spring  retainer  cap  from  pressure  regulator  hous- 
ing and  discard  gasket. 

Caution:  Remova  cap  with  care  to  relieve  spring  tension. 

2.  Check  housing  for  cracks  and  distortion;  discard   if  dam- 
aged. 

3.  Check  all  other  parts  for  damage  and  wear.  See  Table  7-7-1 
for  limits. 


Fig.   7-7-2.    Lubricating  O'1   pressure   regulator  by-pass  —  N 

warm-up  position 


Assembly 


1.  Position    low-pressure    plunger   on    high-pressure    plunger; 
insert  into  housing  bore. 

2.  Insert  spring  in  high-pressure  plunger  bore;  position  new 
gasket  on  cap  and  secure  spring  in  plunger  bore. 

3.  For  operation  of  pressure  regulator,  see  Figs.  7-7-1,  7-7-2, 
7-7-3. 


Fig.   7-7-3.    Lubricating  oil   pressure   regulator  by-pass  — 
normal  operating  position 


Fig.  7-7-1.    Lubricating  oil  prauura  regulator  by-pau — 
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able  7-7-1:  Pressure  Regulator  Dimensions 

Minimum 

Maximum 

Worn  Limit 

lunger  or  Part 

In. 

[mm] 

In. 

[mm] 

In. 

[mm] 

jw  Pressure 

Inside  Diameter 

0.621 

[15.7734] 

0.626 

[15.9004] 

0.627 

[15.9258] 

Outside  Diameter 

0.740 

[18.7960] 

0.741 

[18.8214] 

0.739 

[18.7706] 

igh  Pressure 

Large  Outside 

0.740 

[18.7960] 

0.741 

[18.8214] 

0.739 

[18.7706] 

Small  Outside 

0.615 

[15.6210] 

0.617 

[15.6718] 

0.614 

[15.5956] 

ousing  Bore 

0.740 

[18.7960] 

0.741 

[18.8214] 

0.739 

[18.7706] 

pring  Load 

@  2.055  in. 

16.4  Ib. 

18.01 

Ib. 

14.0  Ib. 

[52.1970  mm] 

[7.4390 

kg] 

[8.1693  kg] 

[6.3504 

kg] 

Cooling  System  Group 


The   cooling    system  group  consists  of  the   engine   wi 
pump,  fan   hub,  thermostats,   corrosion   resistor, 

coolers,    radiator 
other  thermo-controls. 


Water  Pump -Unit  801 


Supercharger-Driven  Water  Pump 
Disassembly 

1.  Remove  mounting  capscrews,  lockwashers,  gasket  (2,  Fig. 
8-1-1)  and  cover  (1)  from  water  pump  body. 

2.  Pull  drive  coupling  (10)  from  shaft  (7). 
8.  Remove  rubber  washer  (9). 

4.  Remove  outer  snap  ring   (8)   from   coupling  end  of  pump 
body. 

5.  Support  pump  body  on  its  mounting  flange  in  arbor  press 
and  press  bearing  and  shaft  assembly  (7)  from  impeller  (3) 
and  pump  housing. 

6.  Remove  carbon  face  seal  (4)  from  pump  body  (6). 


Cleaning 

1.  Clean  all  non-ferrous  parts  in  Bendix  carburetor  cleane 
equivalent. 

2.  Immerse  other  parts  in  a  solvent  tank. 

3.  Make  sure  all  traces  of  grease  are  removed. 


Inspection 

1.  Inspect  water  pump  bearing(s).  Mark  for  replacement  b 
ing(s)  with  rough  or  worn  races. 

2.  Inspect    water    pump    impeller.    Mark    for    replacemer 
cracked  or  corroded  to  extent  that  it  will  interfere  with 


Fig.  8-1-1.    Supercharger-driven  water  pump 


ulation. 

ieasure  impeller  bore  and  shaft  outer  diameter.  There  must 
e  a  minimum  of  0.001  in.  [0.0254  mm]  press-fit  between 
haft  and  impeller;  replace  if  necessary. 

ispect  water  pump  body  seal  face.  Mark  for  refacing  if 
sugh  or  scored. 

ispect  water  pump  mounting  parts  for  cracks.  Replace  as 
ecessary. 

xamine  carbon  face  seal  carefully  to  make  sure  it  is  not 
racked  or  chipped,  Fig.  8-1-2.  Usually  it  is  best  to  install 
new  seal. 

ispect  ceramic  seat;  if  damaged,  mark  it  for  replacement 
impeller  is  acceptable  for  ceramic  seat  replacement. 


aplacing  Ceramic  Seal 

trike  damaged  ceramic  seat  with  a  sharp  tool  perpendic- 
ar  to  axis  of  impeller. 

crape  adhesive  from  counterbore;  do  not  damage  counter- 
Dre  surface. 

heck  counterbore  of  impeller.  It  must  be   1.042/1.046  in. 

16.4668/26.5684  mm]   diameter  and   square  \o  the   axis  of 

624/0.625  in.  [15.8496/15.8750  mm]  bore  and  within  0.003  in. 
I.0762  mm]  total  indicator  runout. 

'ash  and  de-grease  impeller  in  an  approved  cleaning  sol- 
snt  and  air  dry.  The  bore  must  be  chemically  clean  to  in- 
ire  a  good  strong  water-tight  bond. 

pply  Bonding  Film  in  counlerbore.  Care  must  be  used  to 
•event  contamination  of  film  by  dust,  dirt,  oil,  moisture  or 
iger  prints  or  use  of  film  more  than  six  months  old. 

emove  bonding  film  liner,  it  may  be  necessary  to  pick 
ler  to  start  separation. 

ace  ceramic  seat  in  counterbore  with  identification  mark 
limple)  against  adhesive.  Rotate  seat  to  insure  a  contin- 
>us  bond. 

3ply  a  16-lb.  [6.8040-kg]  weight  on  ceramic  seat  and  place 
isembly  in  temperature-controlled  oven  at  345°/355°  F. 
73.9/179.45°  C.]  for  65  minutes. 

»ta:  The  temperature  and  time  must  be  closely  controlled 
obtain  proper  bond. 

heck  ceramic  seat,  after  curing,  for  squareness  to  the 
:is  of  the  0.624/0.625  in.  [15.8496/15.8750  mm]  bore.  It  must 
i  within  0.004  in.  [0.1016  mm]  total  indicator  reading, 
leek  for  scratches,  holes,  chips  or  cracks.  All  unusable 
irts  must  be  discarded  and  usable  assemblies  protected 
lalnst  further  damage. 


isambly 

ipport  pump  body  (6,  Fig.  8-1-1)  on  its  cover  mounting 


face  and  press  bearing  and  shaft  assembly  (7)  in  place. 

2.  Install  snap  ring  (8). 

3.  Install  rubber  washer  (9). 

Note:  Current  production  water  pump  bodies  are  machined 
for  beveled  snap  rings.  Older  models  use  flat  snap  rings. 
Use  correct  body  and  snap  ring  combination.  Flat  and  bev- 
eled snap  rings  are  not  interchangeable, 

4.  Press  drive  coupling  (10)  on  shaft  flush  with  end  of  shaft. 

5.  Support  pump  on  shaft;  install  slinger  (5)  over  shaft  until 
flange  is  1.805/1.825  in.  [45.8470/46.3550  mm]  from  impeller 
end  of  shaft. 

6.  Apply  Plastic  Lead  Sealer  #2  to  bottom  side  • 
of  seal  driving  flange. 

7.  Press  carbon  face  seal  (4)  in  place;  apply  force  on 
lip  only  (1,  Fig.  8-1-5).  Check  carbon  for  damage  befc 
ing  further. 

Note:  Seals  shown  in  Fig.  8-1-2  are  interchangeable. 

8.  Clean  seal  with  lint-free  cloth  to  remove  dirt,  oil  or  grease. 

9.  Press  impeller  (3,  Fig.  8-1-1)  on  shaft.  Face  of  impeller  hub 
should  be  0.872/0.878  in.  [22.1488/22.3012  mm]  below  cover 
mounting  face  on  body  (6). 

Caution:  Use  extreme  care  when  pressing  impeller  to  pre- 
vent damaging  ceramic  seal. 

10.  Assemble  lockwashers,  capscrews  and  new  gasket  (2)  to 
water  pump  cover  (1). 

11    Mount  cover  to  purnp  body  and  turn  shaft  to  be  sure  it  is 
free. 

12.  Bearings  are  pre-greased.  Do  not  lubricate. 


Fig.  8-1-2.    Carbon  face  teal* 
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Fan  Hubs— Unit  802 


Eccentric  Fan  Hub 
Disassembly 

1.  Remove   capscrews   and   lockwashers  from  fan  spacer   (1, 
Fig.  8-2-2);  remove  spacer  and  discard  gasket  (2). 

2.  Remove  cotter  pin   (3),   nut  (4)  and  washer  (5)  from  shaft 
(12). 

3.  Press  shaft  from  fan  hub  (8)  with  small  end  of  shaft  up. 

4.  Remove  shaft  (12)  and  locknut'(13)  from  mounting  bracket 
(14). 

5.  Press  bearing  (10)  and  oil  seal  (11)  from  spindle. 

6.  Discard  oil  seal. 


Inspection 

1.  Clean  all   parts   in   an   approved   cleaning  solvent  and  dry 
with  compressed  air. 

2.  Check  shaft  and  bearings  for  scratches  and  wear. 

3.  Discard  all  fan  hub  parts  that  are  worn  or  defective  and 
replace. 


end  of  fan  hub  (8)  with  cupped  area  outward.  Bearing  r 
must  seat  against  shoulders  provided  inside  hub. 

2.  Pack  bearings   (6,  10)  with  grease,  working  as  much   i 
the  bearing  as  possible. 

3.  Place  rear  bearing  (10)  into  bearing  race  (9). 

4.  Press  oil  seal  (11)  into  hub.  Coat  oil  seal  lip  with  heavy 

5.  Press  shaft  (12)  through  oil  seal  and  bearing. 

6.  Turn  hub  over  and  fill  grease  cavity  with  grease  60% 
70%  full.  See  grease  specifications  in  Group  16. 

7.  Press  front  bearing  (6)  on  shaft,  being  careful  not  to 
too  much  pressure. 

8.  Install  flat  washer  (5)  and  slotted  nut  (4). 

a.  Tighten    castellated   nut  until   slight   bearing   drag   can 
noticed  as  fan  hub  is  being  rotated. 

Caution:  Hub  must  be  rotated  while  tightening.  Failure 
do  so  will  result  in  excessive  end  play. 

b.  Loosen  nut  one  hex  or  one  castellation;  insert  cotter 
(3)  and  bend  ends  over. 

9.  Assemble  gasket  (2)   and  fan  spacer  (1)  to  fan  hub  \ 
capscrews  and  lockwashers. 

10.  Assemble  locking  nut  (13)  to  shaft,  and  shaft  (12)  to  moi 
ing  bracket  (14). 


Assembly 

1.  Press  (do  not  drive)  bearing  race  (7,  9,  Fig.  8-2-2)  into  each 


Caution:  After  lubricating  fan  hub,  replace  both  pipe  pluj 
Use  of  fittings  will  allow  grease  to  be  thrown  out,  due 
rotative  speed. 


Radiator- Unit  807 


Disassembly 

1.  To  remove  core  sections  with  headers,  it  will  be  necessary 
to  remove  the  front  screen  guard  and  front  screen  guard 
spacers. 

2.  Remove  bolts  holding  core  section  header  casting  to  top 
and  bottom  tank.  Then  each  core  section  may  be  removed 
from  front  of  radiator  assembly. 

3.  If  it  is  necessary  to  service  any  other  part  of  radiator  as- 
sembly, remainder  of  assembly  may  be  removed  from  unit 
without  danger  of  damage  to  core. 


4.  The  fan  screen  guard  is  disassembled  by  removing  sc 
attaching  it  to  fan  shroud. 

5.  Remove  bolts  holding  fan  shroud  to  side  members  to 
assemble  fan  shroud. 

6.  Overflow  tube   is  removed   by  removing  fitting   in   bo 
of  top  tank  and  clips  holding  it  to  side  member,  then 
ing  it  out  of  bottom  of  top  tank. 

7.  Remove  side  members  from  top  and  bottom  tanks,  i 
pleting  disassembly  operation. 


(7)  WATER  PUMP 

0  DRAIN 

0  SOLID  CAP 

0  THERMOSTAT  HOU< 

0  BY- PASS" 

0  PRESSURE  CAP 

0  SURGE  TANK 

0  OVERFLOW 

(?)  OIL  COOLER 


Fig.  B-7-1.    Coolant  flow 


. 


nspection  and  Rebuilding 


Water  Temperature  Gauge 


nspect  radiator  core  for  stoppage  or  leaks  in  same  man- 
ner as  described  for  the  oil  cooler  (Group  7). 

Do  not  use  anti-leak  compounds  to  stop  core  leaks.  If  split 
seams  or  solder  breaks  are  found,  have  radiator  repaired 
at  qualified  radiator  repair  shop. 

To  reassemble  radiator,  reverse  disassembly  procedure. 


1.  The  sensing  unit  of  the  water  temperature  gauge  (1,  Fig. 
8-8-1)  must  be  located  on  engine  side  of  thermostat  so 
bulb  is  in  water  flow. 

2.  Warning  light  switches  should  not  be  set  higher  than  200°F. 
[93.3°  C.]  and  the  sensing  bulb  located  as  described  for 
the  gauge  bulb. 


Caps 

Radiator  selection  is  normally  based  on  a  non-pressurized 
system;  however,  a  pressure  cap  or  valve  set  at  approxi- 
mately 4  to  7  psi  [0.28124  to  0.49217  kg/sq  cm]  should  be 
used,  Table  8-7-1. 

Caution:  Before  using  higher  pressure  settings  on  cap, 
check  radiator  manufacturer. 


Table  8-7-1:  Radiator  Caps 
Part  Number 


Opening  Pressure 


B9497 

103624 

119665 


4  Psi  [0.281 2  kg/sq  cm] 
4  Psi  [0.2812  kg/sq  cm] 
7  Psi  [0.4922  kg/sq  cm] 


Fig.  8-8-1.    Temperature  gauge  bulb  location 
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Hose 

Hose  must  be  able  to  withstand  maximum  pressure  of  sys- 
tem and  at  least  3  in.  Hg  [.10359  kg/sq  cm]  suction  vacuum. 

Use  hose  conforming  to  SAE  20R1  Standards. 


Operating  Temperature 

The  cooling  system  should  be  designed  and  the  necessary 
controls  used  to  maintain  engine  coolant  outlet  tempera- 
ture, at  the  radiator  top  tank,  between  170°  F.  [76.7°  C.] 
and  190°  F.  [87.8°  C.]  during  normal  operation.  Under  no 
operating  condition  should  temperature  be  above  200°  F. 
[93.3°  C.]  and  for  best  operation  do  not  allow  temperature 
to  drop  below  160°  F.  [71.1°  C.]. 


Drive  Unit  Group 


The  drive  unit  is  used  to  transmit  power  from  the  eng 
crankshaft,  through  the  camshaft  gear,  to  drive  a  compr 
sor,  fuel  pump,  water  pump  or  other  assemblies.  Usu£ 
repair  consists  of  replacement  of  oil  seals,  bearings 
bushings  only. 


Fuel  Pump  Drive— Unit  901 


Ball  Bearings 

Since  ball  bearings  are  so  extensively  used  in  drive  units, 
it  is  well  to  review  some  of  the  general  rules  concerning 
their  use  and  handling. 

1.  Ball  bearings  should  be  installed  or  removed  from  housing 
with  an  arbor  press,  using  the  right  size  and  type  of  mandrel 
or  plate.  Pressing  should  be  done  on  the  race  that  is  press 
fit.  When  the  bearing  is  being  pressed  into  a  housing,  the 
force  should  always  be  applied  to  the  outer  ring. 

2.  Work  with  clean  tools  in  clean  surroundings. 

3.  Remove    all    outside    dirt   from    housing    before    exposing 
bearings. 

4.  Handle  with  clean,  dry  hands. 

5.  Treat  a  used  bearing  as  carefully  as  a  new  one. 

6.  Use  clean  solvents  and  flushing  oils. 

7.  Lay  bearings  out  on  clean  paper. 

8.  Protect  disassembled  bearings  from  dirt  and  moisture. 

9.  Wipe  bearings  with  clean,  lint-free  cloth. 

10.  Keep  bearings  wrapped  in  oil-proof  paper  when  not  in  use. 

11.  Clean  inside  of  housing  before  replacing  bearings. 

12.  Install  new  bearings  as  removed  from  the  packing,  without 
washing. 

13.  Keep  bearing  lubricants  clean  when  applying  and  in  cov- 
ered containers  when  not  in  use. 

14.  Pack  used  and  washed  bearings  with  ball  bearing  grease 
before  installation. 

15.  Do  not  take  new  bearings  apart  (unless  two-piece  assembly 
where  each  part  is  installed  separately). 

16.  Never  press  against  separators. 

17.  Never  pound  on  a  bearing  or  race. 

in    Fir.  m-,4  anin  Koarinns  before  cleanina.  Do  not  spin  by  force 


of  air.  Hold  both  races  while  drying  with  clean,  compres 
air. 

19.  Tht:  following  types  of  defects  cause   bearings  to   be 
jcscted  for  fuither  use: 

a    Broken  or  cracked  race. 

b.  Dented  shields  or  seals. 

c.  Ciacked  or  bioken  separators. 

d.  Flaked  areas  on  balis,  rollers  or  raceways. 

e.  Broken  or  'Backed  balls  or  rollers. 

f    Roarings   that  have  been  overheated.  These   bearings 
generally  darkened  to  a  brownish-blue  or  blue-black  ci 

g.  Buaiimji;  whose   raceways  are  indented   or  "brinelled1 
impressing  balls  or  rollers  into  the  races. 

'20.  Dirt  causes  ball  bearings  to  fail. 


Oil  Seals 

1.  When  an  oil  seal  fails  it  is  useless. 

2.  Oil  seals  are  easily  ruined  by  allowing  shaft  to  turn  ag 
the  sealing   lip  during  installation,  or   by  leaving   kej 
shaft. 

3.  The  sealing  lip  must  always  compress  with  pressure. 

4.  The  effectiveness  of  the  seal  depends  on  surface  w 
seal  seats.  Always  check  hub  sleeve  surface  for  wear 
replace  sleeve  if  necessary  before  installing  new  seal 

5.  Immediately  before   installing  seals,  always   lubricate 
clean  SAP.  30  lubricating  oil. 


Bores  In  Housing 

1.  Ball  bearings  must  not  turn  in  housing  retaining  bore. 


aring  has  turned  and  ruined  housing,  both  bearing  and 
using  must  be  scrapped. 

ire  of  housing  must  be  clean  before  pressing  bearing  in 
ice. 


rust  Washers 

installation  of  thrust  washers  on  accessory  drives,  the 
ust  side  of  washers  are  to  be  installed  away  from  hous- 
).  The  thrust  side  is  identified  by  grooves.  The  steel 
eking  against  the  cast  iron  housing  will  reduce  the  pos- 
lility  of  the  thrust  washer's  turning. 

proper  installation  of  these  washers  will  result  in  exces- 
e  wear  and  increased  end  play,  which  causes  early  fail- 
;  of  the  accessory  drive  assembly. 


Disassembly 

1.  Remove  drive  shaft  capscrew   (12,   Fig.  9-1-2); 

using  suitable  puller,  pull  coupling  (10)  from  shaft. 


Note:   On    IOL  engines,   remove   clamping   washer  (9,   Fig. 
9-1-2)  and  thrust  washer  (8). 

3.  Press  shaft  from  gear  (1). 


4.  Remove  keys  (2,  3)  from  shaft  (4). 


el  Pump  and  Compressor  Drive 


Fig.  9-1-2.    Fuel   pump  drive   (IOL) 


inspection 


1.  On  IOL  engines,  inspect  bushing  (6,  Fig.  9-1-2)  in  drive 
support  (7).  Replace  if  worn  larger  than  1.322  in.  [33.5788 
mm]  or  if  more  than  0.002  in.  [0.0508  mm]  out-of-round. 
New  dimensions  are  1.314  to  1.319  in.  [33.3756  to  33.5026 
mm]  in  diameter.  Available  for  service  only  are  undersize 
bushings  to  compensate  for  wear;  0.010  in.  [0.2540  mm]  un- 
dersize dimensions  are  1.304  to  1.309  in.  [33.1216  to  33.2486 
mm],  0.020  in.  [0.5080  mm]  undersize  dimensions  are  1.294 
to  1.299  in.  [32.8676  to  32.9946  mm]. 


3.  Replace  thrust  washers  (5,  8)  if  worn  or  damaged,. 

4.  Inspect  gear  (1)  and  coupling  (10)  for  chipped,  cracked  or 
worn  teeth. 

5.  Check  shaft  (4)  for  wear,  damaged  keyways  or  damaged 
threads.  New  dimensions  for  the  bushing  surface  of  shaft 
are  1.3115  to  1.312  in.  [33.3111  to  33.3248  mm].  Replace  if 
defective  or  worn  smaller  than  1.310  in.  [33.2740  mm]. 


^ 
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Fig.  9-1-4.    Fuel  pump  drive  (EOL) 


Assembly 

1.  Install  key  (3,  Fig.  9-1-2)  in  shaft  (4)  and  press  on  gear  to 
1.143  to  1.145  in.  [29.0322  to  29.0830  mm]  in  direction  shown 
by  arrows  (1,  Fig.  9-1-3). 


4.  Place  shaft  (4,  Fig.  9-1-2)  and  gear  (1)  assembly 
port  (7). 

5.  Install  second  thrust  washer  (8)  and  flat  washer  (9) 
in  support. 

6.  Place  coupling   key  in  shaft  and   press   coupling 
shaft. 

Note:  Some  drives  use  Lovejoy-type  couplings  v, 
assembled  to  shaft  with  capscrew  (12). 

7.  Install  capscrew  and  loi 
(12,  Fig.  9-1-2). . 

8.  Check  end  clearance.  It  should  be  0.004  to  0.012  ii 
to  0.3048  mm]. 


Fig.  9-1-3.    Accessory  drive  assembly  dimension 
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/2.  Place  thrust  washer  (5,  Fig.  9-1-2)  on  shaft  against  gear  (1) 
^except  EOL). 


INTAKE  AIR  SYSTEM  GROUP 


Supercharger— Unit  1004 


Preliminary  Inspection 


Before  disassembling  supercharger,  the  following  inspec- 
tion procedures  must  be  observed. 

1.  Check  for  excessive  oil  at  air  outlet  port  indicating  broken 
piston  ring  oil  seals. 

2.  Check  radial  clearance  in  bearings: 

a.  Remove  pump  end  cover  and  force  fuel  oil  through  oil  in- 
let to  flush  all  lubricating  oil  from  bearings. 

b.  Install  an  indicator  gauge  on  rotor  tinning  gear  outer  di- 
ameter. Fig.  10-4-1. 


Fig.  10-4-1.    Check  radial  bearing  clearance 
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c.  Check  total  radial  movement  by  moving  gear  from  side  to 
side.  If  movement  exceeds  0.003  in.  [0.0762  mm],  disas- 
semble unit  for  a  complete  bearing  inspection. 

3.  Check  rotor  shaft  end  play.  Fig.  10-4-2. 

a.  Install  a  dial  indicator  at  end  of  rotor  shaft. 

b.  Push  shaft  back  and  forth;  note  indicator  reading. 

c.  If  total  end  play  exceeds  0.005  hi.  [0.1270  mm],  disassemble 
supercharger  and  inspect  thrust  faces. 

d.  Perform  this  operation  on  both  rotor  shafts.  N 


Fig.  10-4-2.    Checking  end  play 
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Fig.  10-4-3.    Checking  gear  backlaah 


a.  Install    an   Indicator  gauge   to   supercharger   housing    £ 
check  rotor  timing  gear  backlash. 

b.  If  backlash  exceeds  0.004  in.  [0.1016  mm],  a  new  set 
gears  must  be  installed. 

5.  Insert  a  feeler  gauge  in  inlet  port  between  housing  i 
rotor  lobe.  Minimum  clearance  is  0.005  in.  [0.1270  mm]. 

R    OkAj«tf   flaAmnrA  hntu/AAn   mtnr  Inhas  thrnunh   tha   air  ir 
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Fig.  10-4-4.    Supercharger— exploded  view 
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If  preliminary  inspection  does  not  indicate  any  of  the  above 
wear  conditions,  supercharger  may  be  reinstalled  on  the 
engine. 

Note:  Use  a  new  gasket  when  replacing  pump  end  cover. 
If  one  or  more  of  the  preceding  wear  conditions  are  noted, 
disassemble  supercharger  for  a  complete  inspection  or  re- 
turn to  factory  for  a  complete  rebuild. 


Disassembly 

See  Fig.  10-4-4  and/or  Fig.  10-4-5  for  reference  numbers. 

1.  Raise  lockwasher  flange  clear  of  slot  in  the  shaft  nut  and 
remove  shaft  nut  with  a  shaft  nut  wrench.  Fig.  10-4-6. 


Fig.   10-4-5.     Supercharger  —  cross   section 
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2.  Wedge  a  piece  of  soft  metal  between  timing  gear  teeth 
lock  gears  while  loosening  shaft  nuts. 

3.  Remove  shaft  nut  (26,  Fig.  10-4-4)  (Fig.  10-4-5)  and   lo 
washers  (25)  from  rotor  shafts  and  slide  outboard  jour 
(24)  from  drive  rotor  shaft  (17).  Remove  expansion  plug 
damaged. 

4.  Pull  water  pump  coupling  half  (1)  from  driven  rotor  sf 
with  a  gear  puller. 

5.  Remove   capscrews  and   lockwashers  securing   end   co 
(2)  and  gasket  (3).  Discard  gasket.  Tap  cover  with  a  rub 
mallet  to  loosen  from  housing  dowels  (10). 

6.  Remove  capscrews  and  lockwires  securing  bearing  cat 
(7)  to  end  plate  (11).  Remove  bearing  cages  by  rotal 
and  prying. 

7.  Remove  bearing  cage  seal  rings  (8)  and  press  bearings 
from  bearing  cages.  Mark  bearing  cages  to  assure  repla 
ment  in  identical  position  from  which  removed. 

8.  If  damaged,  pry  oil  collector  rings  (9)  from  end  plate 
and  remove  dowels  from  end  plate. 

9.  Remove  capscrews  from  front  end  plate  (19)  and  rem 
end  plate  and  rotor  assembly  from  housing  (12). 

10.  Remove  oil  pressure  ferrules  (15)  and  "0"  rings  (14). 

Press  drive  gear  (23)  and  timing  gears  (22  and  28)   f 
rotors  and  end  plate  assembly  and  extract  rotors  from 
plate  assembly.  See  Fig.  10-4-7  for  pressing  gears  off  rot 

Note:  The  rotors  must  be  rotated  into  position  so  lobi 
rotor  being  pressed  out  does  not  catch  on  the  shaf 
other  rotor. 
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Fig.  10-4-6.    Removing  rotor  shaft  lockouts 


Fig.  10-4-7.    Pressing  gears  of  rotors 


12.  Remove  lockwires  and  capscrews  securing  bearing  c 

N21007  (?)  to  the  9ear  end  plate  (19)- 


pry  them  free.  Remove  shims  (21)  and  bearing  cage  seal 
rings  (8)  from  bearing  cages  and  press  out  bearings  (6). 
Mark  bearing  cages  to  assure  identical  replacement. 

Remove  thrust  washers  (20)  from  the  gear  end  plate. 
Remove  oil  collector  rings  (9)  and  dowels  (18),  if  damaged. 
Remove  and  discard  all  shaft  seal  rings  (16). 


Inspection 

Clean  all  parts  in  approved  cleaning  solvent. 

Check  housing  for  cracks,  nicks,  obstructed  oil  passages 
ancj  stripped  threads.  Repair  damaged  threads.  Remove 
nicks  or  scratches  with  a  handstone.  Be  sure  all  mating 
surfaces  are  smooth.  If  housing  is  damaged  or  worn  ex- 
tensively, discard. 

Inspect  rotors  for  undue  wear,  burrs,  pits,  scratches  or 
other  damage.  Check  threaded  ends,  shoulders,  spline 
bearing  surfaces  and  seal  ring  grooves  for  wear.  Small 
burrs  and  imperfections  on  rotor  lobes  can  be  dressed 
down  with  a  handstone.  If  lobe  surfaces  or  rotor  shafts  are 
badly  scored  or  damaged,  discard  rotor  set. 

Inspect  timing  gears,  drive  gear  and  all  gear  hubs  for 
cracks  and  broken  or  worn  teeth,  damaged  splines  and  ex- 
cessive wear. 

Note:  Damaged  or  worn  rotors  must  be  replaced  in  pairs. 
Timing  gears  must  also  be  replaced  in  pairs, 

Examine  end  plates  for  cracks  or  damaged  seal  ring  bores. 
Check  for  snug  dowel  fits.  Excessive  wear  and  roughness 
in  the  seal  ring  bores  will  not  allow  the  seal  rings  to  seat 
properly;  thus  end  plates  must  be  discarded  and  replaced 
with  new  parts. 

Check  end  cover  for  cracks.  End  cover  must  have  a  smooth 
mating  surface. 

Inspect  bearing  cages  for  cracks  or  excessive  wear.  Dis- 
card defective  bearing  cages.  Bearing  cage  assemblies  are 
also  available  in  0.010  and  0.020  in.  [0.2540  and  0.5080  mm] 

undersize. 

Inspect  bearings  for  scratches  or  scoring.  Check  bearing 
bores  with  inside  micrometers.  If  bore  exceeds  1.3765  in. 
[34.9631  mm],  discard  bearings. 

Examine  thrust  washers  for  burrs,  cracks  and  wear.  Dis- 
card damaged  or  worn  thrust  washers. 

Check  outboard  bearing  journal  for  nicks,  scoring  or  ex- 
cessive wear. 

Inspect  water  pump  drive  coupling  half  for  excessive  wear. 

Check  end  thrust  by  measuring  bearing  cage  width  and 
distance  from  thrust  face  of  gear  to  end  of  gear  hub.  Bear- 


mmj  less  than  length  or  gear  nuo.  i-igs.  iu-t-o  ana  iu-t-3. 
If  difference  between  Fig.  10-4-8  and  Fig.  10-4-9  dimen- 
sions is  greater  than  0.005  in.  [0.1270mm],  install  new  gears, 
thrust  washers  and  bearing  cages. 


Fig.   10-4-8.    Che  beaning   cage  width 
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Fig.  10-4-9.    Chucking  gear  hub  length  N21010 


Assembly 

1.  Use  new  shaft  nut  lockwashers  (25,  Fig,  10-4-4),  expansion 
plugs  (27),  seal  rings  (8),  oil  collector  rings  (9)  and  gaskets 
(3)  in  assembly. 

2.  Install  new  shaft  seal  rings  (16)  on  rotors. 

3.  Install  new  bearing  cage  seal  rings  (8)  on  bearing  cages 
(7). 


4.  Press  bearings   (6)   into  bearing   cages   and   oil   collector 
rings  (9)  into  end  plates.  Press  in  new  end  plate  dowels 
(10),  if  removed. 

5.  Install  oil  pressure  ferrules  (15),  drain  ferrules  and  ferrule 
seal  rings  (14)  in  housing  (12). 

6.  Position  thrust  washers  (20),  shims  (21)  and  bearing  cages 
(7)  into  gear  end  plate  (19);  secure  with  capscrews  and 
lockwires  (4). 

Note:  If  old  bearing  cages  are  reused,  replace  in  same 
hole  from  which  removed.  Use  same  shims  as  originally  re- 
moved from  respective  cages.  Use  O.Q05  in,  [0.1270  mm]  to- 
tal shim  thickness  under  each  bearing  cage.  Shim  thick- 
ness may  have  to  be  adjusted  when  rotor  end  clearance  is 
checked. 

7.  Press  water  pump  coupling  (1)  on  driven  rotor  shaft  exten- 
sion so  that  shaft  end  is  flush  with  water  pump  coupling 
counterbore. 

8.  Lubricate  gear  end  plate  seal  ring  seats  and  bearings  with 
clean,  light  engine  oil  and  insert  splined  shaft  end  of  driven 
rotor  in  the  bottom  hole  in  gear  end  plate. 

Note:  Do  not  damage  seal  rings  while  pressing  into  gear 
end  plate  (19). 

9.  Position  timing  gear  (22)  on  drive  rotor  shaft  and  press  into 
position. 

10.  Insert  driven  rotor  shaft  through  the  second  hole  in  gear 
end  plate  (19)  and  press  on  timing  gear  (28)  making  sure 
rotors   are   positioned   exactly   90°   apart   as   timing    gears 
mesh.  Fig.  10-4-10. 

11.  Press  drive  gear  (23,  Fig.  10-4-4)  on  drive  rotor  shaft  snugly 
against  timing  gear  and  install  outboard  bearing  journal  (24) 
on  drive  rotor  shaft. 

12.  Install  shaft  nut  lockwashers  (25)  and  shaft  nuts  (26)  on 


rotor  shaft  and  tighten  .securely.  Wedge  a  piece  o 
metal  between  gear  teeth  to  lock  gears  while  tigh 
locknuts. 

13.  Position   expansion   plugs    (27)    on    locknuts   and    ta| 
place. 

14.  Push   rotors  toward   gear  end  plate  and  check  end 
ance.  Fig.  10-4-11.  End  clearance  should  be  0.003  to 
in.  [0.762  to  0.1016  mm].  Add  or  remove  shims  under 
ing  cage  mounting  flange  to  obtain  correct  end  clea 
If  shims  must  be  changed,  remove  locknuts  and  ge 
described  in  disassembly  instructions. 

15.  Install  oil  pressure  ferrules  (15,  Fig.  10-4-4)  and  "O1 
(14).   Lubricate   with    light   oil.   Position   housing    (12' 
rotors  against  end  plate  (19)  and  secure  with  lockw 
and  capscrews. 


Fig.   10-4-11.     Checking   rotor  end   clearance 
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Fig.  10-4-10.    Pr«»«ing  g«an  on  roton 
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Fig.  10-4-12.    Oil  seal  rings 


Tabla  10-1:  Supercharger  Assembly  Dimensions — In.  [mm] 


'art  Name  New  Minimum  New  Maximum  Worn  Limit 

tedial  Bearing  Clearance  0.003  [0.0762] 

Sear  Backlash  0.004  [0.1016] 

totor  Shaft  End  Play  0.003  [0.0762]  0.004  [0.1016]  0.005  [0.1270] 

Sear  Hub  Protrusion  0.002  [0.0508]  0.005  [0.1270]     .  0.005  [0.1270] 

totor  To  Rotor  Clearance  0.006  [0.1524] 

?otor  To  Housing  Clearance  0.005  [0.1270] 

Jotor  To  Gear  Plate  0.003  [0.0762]  0.004  [0.1016] 

Jotor  Shaft  Bushing  1.3765  [34.9631] 


.ubricate  bearings  (6)  and  seal  rings  (8)  in  end  plate  (11) 
md  position  end  plate  to  housing  (12).  Do  not  damage 
haft  seal  rings.  Tap  into  place. 

"osition  end  cover  (2)  and  new  gasket  (3)  to  end  plate;  se- 
ure  with  lockwashers,  capscrews  and  (ockwires. 

'urn  drive  gear  by  hand  to  check  for  smooth,  free  op- 
ration. 


Exhaust  System  Group 


The  exhaust  system  group  consists  of  engine  exhaust  mi 
ifolds,  piping  and  mufflers  or  silencers. 


Manifolds- Unit  1101 


Exhaust  Manifold  (Dry  Type) 
Cleaning  and  Inspection 

1.  Steam  clean  manifold. 

2.  Inspect  exhaust  manifold  for  cracks  and  distortions;  dis- 
card defective  parts. 

3.  When    ordering    replacement   parts,    order   same    part    as 
presently  used.  Manifolds  are  made  of  different  materials 
and  the  rate  of  expansion  may  cause  cracking  if  incorrect 
manifold  combinations  are  used. 


I 


AMI   equipment  uroup 
Introduction 


Air  Equipment  Group 


The  air  equipment  group  consists  of  Cummins  air  cotr 
sors,  check  valve,  and  piping. 


Introduction 


Air  Compressors  —  Operation 


I 


The  air  compressor  is  driven  from  a  gear  in  the  gear  train 
flange  mounted  direct  to  gear  case. 


Fig.   12-1-1.     Cummins   compressor 
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The  air  compressor  operates  continuously  while  the  engine 
is  running.  Actual  air  compression,  however,  is  controlled 
by  the  air  governor.  Acting  in  conjunction  with  the  unloader 
valve  in  the  compressor  cylinder  head,  the  governor  starts 
or  stops  the  compression  of  air  by  loading  or  unloading  the 
compressor  when  the  air  reservoir  pressure  reaches  a  pre- 


are  of  the  compact  compressor;  however,  the  same 
ciples  apply. 

Air  Intake 

As  the  piston  moves  downward  on  the  intake  stroke  i 
tial  vacuum  occurs  above  the  piston.  The  differen 
cylinder  pressure  and  atmospheric  pressure  forces  the 
valve  down  from  its  seat,  allowing  air  to  flow  throug 
intake  port  into  the  cylinder.  When  the  piston  has  ret 
the  bottom  of  its  stroke,  spring  pressure  is  suffici« 
overcome  the  lesser  pressure  differential  and  force 
valve  against  its  seat. 

Compression 

When  the  piston  starts  its  upward  stroke,  the  incr 
pressure  of  the  air  in  the  cylinder  and  head  force 
outlet  valve  away  from  its  seat.  The  compressed  aii 
flows  through  the  outlet  ports  and  into  the  air  tank  i 
piston  continues  its  upward  stroke.  When  the 
reaches  the  top  of  its  stroke,  the  air  pressure  in  the 


AIR  GOVERNOR! 
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COMPRESSED, 
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EXHAUST  VALVE 


DOUBLE  BEARING 
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ain.st  its  seat  and  closes  off  the  outlet  passage. 

(loading 

hen  pressure  in  the  air  tank  is  at  a  predetermined  level, 
•  pressure  is  applied  to  the  top  of  the  unloader  cap  by  a 
impressor  governor.  This  pressure  forces  the  cap  down 
id  seals  off  the  intake  passage.  Pressure  in  the  delivery 
issage  holds  the  exhaust  valve  in  closed  position.  When 
essure  in  the  air  tank  drops,  the  cap  returns  to  its  upper 
isition  and  the  intake  and  compression  sequences  repeat. 


Cooling 

Water  from  the  engine  cylinder  block  cools  the  compres- 
sor. 

On  the  compact  compressor,  water  en- 
ters the  cylinder  head  only,  the  crankcase  is  cooled  by  air 
and  lubricating  oil.  Flowing  around  the  head,  the  water 
returns  to  the  block  through  the  water  outlet  port  in  the 
compressor  cylinder  head. 


ibrication 

IB  compressor  .is  lubricated  by  the  engine  lubricating  oil. 
ternal  oil  lines  are  used, 


il  enters  the  compressor  through  a  drilling  in  the  front  of 
e  support 

Oil   entering 

ese  passages  lubricates  the  connecting  rod  bearings  and 
ankshaft.  The  oil  then  flows  to  the  compressor  crankcase 
id  returns  to  the  engine  through  the  oil  drain  located  next 
the  oil  inlet. 

n  oil  supply  metering  device  is  used  to  reduce  the  quan- 
ty  pf  oil  to  the  compressor  crankcase.-  The  metering  de- 
ce  is  installed  into  the  compressor  oil  supply  line  in  the 
Jpport  or  crankshaft,  . 
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Air  Check  Valve 

The  purpose  of  a  check  valve  is  to  prevent  loss  of  reservoir 
air  in  -the  event  of  compressor  or  air  line  failure  (between 
the  compressor  and  the  reservoir).  Thus,  the  reservoir  is 
full  and  has  ample  air  in  the  system  for  several  brake  ap- 
plications. The  valve  is  mounted  either  in  ihe  air  line  con- 
necting the  compressor  to  the  reservoir. 

USO6 
on 
of  check  valves. 

The  I.C.C.  states  that  a  means  must  be  provided  to  prove 
the  check  valve  operative.  This  is  accomplished  by  instal- 
ling a  petcock  in  the  air  line  between  the  compressor  and 
the  check  valve. 

When  the  petcock  is  opened,  a  check  valve  operating  prop- 
erly will  not  permit  air  to  escape  from  the  reservoir 
through  the  petcock;  whereas,  a  malfunctioning  valve  will 
result  in  loss  of  reservoir  air.  Operation  of  the  check  valve 
should  be  inspected  occasionally;  if  any  evidence  of  mal- 
function is  indicated,  dismantle,  thoroughly  clean  parts  and 
reassemble. 

Experience  to  date  indicates  that  failure  of  air  check  valves 
has  many  times  resulted  in  complaints  against  air  compres- 
sor performance.  The  check  valves  have  failed  in  three 
ways. 

1.  Failed  Open  —  Allows  air  to   enter  reservoir  but  will   not 
seal   or  seat  should   a   line   failure   occur  between   check 
valve  and  compressor  allowing  complete  system  pressure 
loss.  Will  not  pass  I.C.C.  inspection. 

2.  Failed   Closed  —  Does   not   allow   air   to    be   pumped    into 
reservoir  resulting   in  extremely  high   compressor  cylinder 
pressure  and  temperature.  Line  and  valve  carboning,  line 
bursting,   rod  or  crankshaft  breakage  are  typical   failures. 
These  high  pressures  and  temperatures  will  result  in  per- 
manent damage  to  all  valve  parts  and  possible  major  com- 
ponent damage. 

3.  Restricted  Flow  —  Allows  some  air  to   be  pumped  to  the 
reservoir.    General    indication    is    long    pump   up    time    re- 
quired. Restricted  flow  will  result  in  higher  than  normal  dis- 
charge pressures  and  temperatures.  Cause  line  and  valve 
carboning,  and  if  not  corrected  promptly  can  cause  "O" 
ring  and  spring  damage.  If  allowed  to  progress  will  result 
in  completely  closed  check  valve. 


Vacuum  Pump  —  Operation 

The  vacuum  pump  is  an  adaption  of  the  Cummins  compact 
compressor,  the  similarity  is  apparent,  see  Fig.  12-1-2  and 
12-1-5. 

The  Cummins  "Compact"  vacuum  pump  operates  continu- 
ously while  the  engine  is  running. 


Air  Intake 

As  the   piston   moves   downward    on    the    intake   stroke   a 


vacuum  occurs  above  the  piston.  The  difference  in  cylin 
pressure  and  atmospheric  pressure  forces  the  inlet  vi 
from  its  seat  allowing  air  to  flow  through  the  intake  f 
into  the  cylinder  .from  vacuum  tank  thus  creating  m 
vacuum  in  the  vacuum  tank.  When  the  piston  has  read 
the  bottom  of  its  stroke,  spring  pressure  is  sufficient 
overcome  the  lesser  pressure  differential  and  forces 
valve  against  its  seat.  Fig.  12-1-6. 

Air  Discharge 

When  the  piston  starts  its  upward  stroke,  the  increa 
pressure  of  the  air  in  the  cylinder  and  head  forces  the  e 
let  valve  away  from  its  seat.  The  air  then  flows  through 
outlet  port  and  is  discharged  into  the  vacuum  pump  era 
case  or  the  engine  crankcase,  as  the  piston  continues 
upward  stroke.  When  the  piston  reaches  the  end  of 
stroke,  the  air  pressure  in  the  head  drops  to  a  point  wh 
the  spring  forces  the  exhaust  valve  against  its  seat  i 
closes  off  the  outlet  passage.  Fig.  12-1-6. 

Cooling 

Water  from  the  engine  cools  the  vacuum  pump.  Entei 
the  head  of  the  vacuum  pump  by  external  lines,  the  wi 
circulates  through  the  cylinder  head.  After  flowing  thro 
the  head,  the  water  returns  to  engine  cylinder  head 
block.  Fig.  12-1-6. 

Lubrication 

The  vacuum  pump  is  lubricated  by  engine  lubricating 
Internal  drillings  or  external  oil  lines  are  used,  depone 
on  which  type  the  engine  utilizes.  Oil  enters  the  vaci 
pump  through  an  internal  drilling  in  the  support  on  I 
engines.  Oil  entering  these  passages  lubricates  the  c 
necting  rod  bearings,  support  bearings  and  crankshaft.  ' 
oil  then  flows  to  the  vacuum  pump  crankcase  and  retu 
to  the  engine  through  the  oil  drain.  An  oil  supply  metei 


Fig.    12-1-5     Cummlm  vtcuum   pump 


Table  12-1-1:  Compressor  and  Vacuum  Pump  Specifications 


Data 


Compressor 


Air  Delivery  12  CFM 

Vacuum  Pulled  

Cylinders  1 

Piston  Displacement  (Cu.  In)  17.63 

Bore  (Inch)  3.4375 

Stroke  (Inch)  1.9 

Speed  Engine  Speed 

Cooling  Engine  Coolant 

Lubrication  Engine  Oil 
Line  Sizes 

Water  inlet  and  outlet  (0.  D.)  tubing  (Inch)  1/2 

Air  inlet  (O.  D.)  tubing  (Inch)  1 

Air  outlet  (O.  D.)  tubing  (Inch)  5/8 

Height  (Inch)  Overall  (Approx.)  11-1/2 

Width  (Inch)  Overall  (Approx.)  7-1/2 

Length  (Inch)  Overall  (Approx.)  (Varies,  depending  on  7-1/2  to  11-3/8 

support,  cranksh'aft  and  drive) 

Weight  (Pounds)  (Approx.)  (Varies,  depending  on  support,  38  to  47 
crankshaft  and  drive) 


Air  compressor 


Air  Equipment  Group 


Cummins  Air  Compressor  Unit— 1201 


This  section  covers  the  Original  Cummins  12  CFM  air  com- 
pressor. 


Compressors  are  often  serviced  while  on  the  engine  since 
often  a  change  of  a  cylinder  head  or  parts  therein  is  all 
that  is  required.  For  this  reason  the  cylinder  head  Is  de- 
scribed first  in  the  manual.  However,  if  the  compressor  is 
removed  from  the  engine  it  should  first  be  mounted  on 
ST-749  and  ST-302  as  described  under  "Crankcase  and 
Support"  following. 

Cylinder  Head 

All  cylinder  heads  used  on  Cummins  air  compressors  are 
identical  except  the  model  used  on  V6-200  and  V8-265 
engines.  These  cylinder  heads  have  the  water  and  air  line 
openings  positioned  slightly  different  from  other  models. 

Disassembly 

1.  Loosen  cylinder  head  capscrews  and  remove  cylinder  head 
from  compressor  crankcase,  Discard  gasket. 

2.  Remove  air  inlet  connection  and  gasket. 

3.  Loosen   capscrews   and   remove   unloader  valve   assembly 
from  cylinder  head  by  prying  loose  with  two  screwdriver*. 
Fig.  12-2-1. 

4.  Remove  "O"  ring  from  unloader  body. 

5.  Life  unloader  cap  spring  from  intake  valve  seat  and  discard. 

6.  Remove  unloader  cap  from  unloader  body. 

7.  Remove  unloader  cap  guide  and  packing  seal  from  inside 
unloader  body.  (Guide  currently  integral  with  body.) 

8.  Lift  intake  valve  seat  from  cylinder  head.  Fig.  12-2-2.  Turn 
with  large  screwdriver  to  loosen. 

9.  Remove  intake  valve  and  spring  from  cylinder  head, 

10.  Press  exhaust  valve  assembly  from  underside  of  head  with 
thumb  pressure.  If  stuck  use  wooden  driver. 


Fig.  12-3-1.    Remove  unlotder  valve  utiembly 


Nil! 


Flo.  11-2-2.    Remove  Intake  v»lve  teal 
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Kemove    u    rings  rrom  exnausi  vaive  seai. 
Pull  exhaust  valve  from  exhaust  valve  seat. 

Cleaning 

Immerse  cylinder  head  in  cleaning  solvent  that  is  not  harm- 
ful to  aluminum.  Remove  all  carbon  from  valve  and  air  dis- 
charge cavities  as  well  as  rust  and  scale  from  water  cavi- 
ties. Use  compressed  air  to  blow  dirt  from  all  cavities.  Use 
dental  mirror  to  inspect.  A  head  not  completely  free  of 
carbon  in  the  air  passage  will  experience  valve  carboning 
again  very  quickly.  Fig.  12-2-3. 

Inspection 

Check  for  visible  cracks  or  breaks  in  the  cylinder  heads. 

Check  for  water  leakage. 

Assemble  cylinder  head  to  crankcase  using  new  gasket. 

Plug  the  water  outlet  and  apply  water  under  pressure 
through  water  inlet. 

Check  for  leaks.  Discard  parts  as  necessary. 

Check  exhaust  valve  seat  height.  If  height  is  less  than 
.485  in.,  discard  seat.  Fig.  12-2-4. 

Check  intake  valve  seat  height.  If  height  is  less  than  .270 
in.  it  cannot  be  salvaged  and  must  be  replaced  new.  Fig. 
12-2-5. 

Apply  bluing  to  exhaust  and  intake  valve  seating  surfaces 
to  check  seats.  If  seating  surfaces  are  not  100%  true  they 
may  be  lapped.  If  lapping  will  lessen  valve  seat  height  be- 
yond, wear  limit,  discard  valve  assembly. 

If  lapping  is  necessary  to  acquire  a  good  exhaust  valve 
seat: 

Apply  bluing  to  surface  of  exhaust  valve  to  be  lapped  and. 
allow  to  dry. 

Apply  lapping  compound  (half  38-900A  and  A-600)  to  ex- 
haust valve  and  place  valve  on  seat. 

Insert  exhaust  valve  seat  in  lapping  block.  Fig.  12-2-6. 

Using  a  standard  hand  valve  lapper  and  rubber  suction 
cup;  lap  valve  till  a  good  seat  is  acquired.  Add  additional 
lapping  compound  as  necessary. 

Valve  must  be  flat  within  .001  inch  total  indicator  reading. 
To  lap  intake  valve: 

Install  rubber  buffer  in  top  of  exhaust  valve  seat. 
Apply  bluing  to  intake  valve.  Allow  to  dry. 

Apply  lapping  compound  to  intake  valve.  Place  intake  valve 
seat  on  intake  valve  and  lap  until  a  good  seat  is  acquired. 
Valve  must  be  flat  within  .001  inch  total  indicator  reading. 

Check  upper  part  of  unloader  cap  where  packing  seal 
seats  for  scoring  or  excessive  wear. 


Fig.   12-2-3.    Blow  dirt  from   cylinder  head 
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8.  Check  seating  area  of  unloader  cap  for  distortion,  pitting 
or  wear. 

9.  Replace  new  unloader  cap  spring  at  each  rebuild. 


Assembly 

1.  Place  exhaust  valve  on  exhaust  valve  seat.  Lubriplate  "O" 
ring  and  install  on  exhaust  valve  seat. 

2.  Install  exhaust  valve  spring  in  cylinder  head  then  place  ex- 
haust valve  assembly  atop  spring. 

3.  Install  intake  valve  spring  and  place  intake  valve  then  in- 
take valve  seat  atop  spring. 

4.  Install  packing   seal   and  unloader  cap  guide   in  unloader 
valve  housing. 


'  '  *•  ''.'ir-.Vffe-i,  •«.;;•!,       ' 


Fig.   12-2-4.    Check  exhauit  valve  >e*t  height 
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Fig.   12-3-5.    Check   intake  valve  seat  height 
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Fig.   12-2-7.    Mount  compressor  on  ST-749  and  ST-302 
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5.  Lubricate  and  install  "O"  ring  on  unloader  valve  housing. 

6.  Lubricate  and  install  unloader  cap  in  unloader  cap  guide. 

7.  Install  unloader  valve  spring  in  unloader  cap. 

8.  Install  unloader  valve  assembly  in  head.  Install  and  tighten 
hold-down  capscrews. 

Crankcase  and  Support 
Disassembly  —  Gear  Driven  Compressor 

After  removing  compressor  and  support  from  engine,  mount 
unit  to  mounting  plate,  ST-749  and  ST-302  Ball  Joint  Vise. 

Continue  with  disassembly  of  compressor  components  as 
described  below.  Fig.  12-2-7. 

1.  Remove  accessory  drive  pulley  key,  if  used.  Fig.  12-2-8. 


2.  Place  accessory  drive  pulley  capscrew  in  end  of  shaft  t 
prevent  damaging  threads. 

3.  Install  puller  and  remove  drive  gear  and  roller  bearing  ( 
used)  from  compressor  crankshaft.  Fig.  12-2-9. 

4.  Remove  drive  gear  key  from  crankshaft. 


5.  Install  Item  #3  of  ST-749  Mounting  Plate  to  hold  cranksha 
securely  while  removing  counter  weight  capscrew. 

6.  Unlock   counterweight    lockplate;   remove   capscrew,   loci' 
plate  and  washer. 

7.  Replace  capscrew  to  prevent  damage  to  crankshaft  thread; 

8.  Install  puller  and  remove  counterweight.  Fig.  12-2-10. 


INTAKE   VALVE 


RUBBER   BUFFER 


INTAKE   VALVE   SEAT 


EXHAUST  VALVE   SEAT 


RUBBER  LAPPING  BLOCK 


Fig.   12-2-6.    Lapping  valve 
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Fig.  12-2-6.    Remove  accessory  drive  pulley  key 
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Fig.  12-2-9.    Remove  drive  gear  and  roller  bearing 


N11220  Fig.  12-2-11.     Remove  support  from   crankcaso 
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Caution:  Do  not  assemble  puller  capscrews  in  iar  enough 
to  contact  and/or  damage  connecting  rod. 

Loosen  capscrews  holding  support  to  crankshaft;  remove 
support  and  crankcase  assembly  by  tapping  support  with  a 
plastic  mallet.  Fig.  12-2-11. 

Caution:  Proceed  carefully  to  prevent  damage  to  connect- 
ing rod  bushing. 

After  removing  support  from  crankcase,  use  an  arbor  press 
to  press  crankshaft  from  thrust  bearing  retaining  sleeve 
and/or  gear,  roller  bearing  and  support  housing.  Fig. 
12-2-12. 

Remove  thrust  bearings  from  support  housing  and  crank- 
shaft. Figs.  12-2-13  and  12-f-14. 

Clean  carbon  from  worn  ridge  at  top  of  crankcase  bore 
then  push  piston  and  rod  assembly  out  top  of  crankcase. 


13.  Remove  piston  rings. 

14.  Using  needle  nose  pliers,  remove  the  piston  pin  snap  ring. 

15.  Place  piston  in  hot  water  for  a  few  minutes  to  expand  pin 
bore. 

16.  Push  pin  from  piston  with  thumb  and  remove  rod. 
Caution:  Do  not  drive  pin  from  piston. 


Fig.   12-2-10.    Remove   counterweight 
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_  __  fj  , ,  u 

Fig.  12-2-12.    Preil  cr»nk«h««  from  retaining  tleeve 
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Fig.  12-2-13.    Remove  retaining  sleeve  and  thrust  bearing  N11224 


Fig.  12-5-14.    Slide  thrust  bearing  from  crankshaft 
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.   12-2-17.    Remove  piston  and  rod  assembly 
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Fig.    12-2-19.     Check   piston   for  wear 
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Inspection  Crankcase  and  Crankshaft 

1.  Check  cylinder  bore  for  out-of-roundness  and  wear  with  a 
dial    bore   gauge.    Fig.    12-2-18.    Hone    bore   with    150   grit 
stone,  wet,  to  accommodate  .010,  .020  or  .030  inch  oversize 
pistons  if: 

a.  Out-of-roundness  exceeds  .0015  inch. 

b.  Bore  is  worn  beyond  3.443  inch. 

2.  Visually  inspect  bore  for  scoring.  Hone  oversize  as  neces- 
sary. 


12-2-18.     Check   cylinder  bore 
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Fig.   12-2-20.    Check   ring   gap 
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Fig.   12-2-51.     Check   piston   pin   bore 
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Fig.    12-2-23.     Check    support   bushing 


3.  Check  crankshaft  nose  for  damage  to  threads. 

4.  Check   crankshaft   machined    surfaces    for   scratching    and 
scoring  and  support  journal   for  wear.  See  wear  replace- 
ment limits   given   on   Page   12-2-13  Table   12-2-3.   If   sup- 
port  journal    wear    exceeds    worn    replacement    limit,    the 
crankshaft  support  journals   must   be   reground   to   accept 
undersize  support  bushings.  Support  bushings  are  available 
in  .010,  .020,  .030  and  .040  inch  undersize.  Connecting  rod 
bearings  are  available  in  .010,  .020,  .030  and  .040  inch  un- 
dersize. 


Inspection  Piston,  Connecting  Rod  and  Supports 

1.  Inspect  piston  for  scoring,  cracks  or  other  damage. 


2.  Measure  piston  wear  one   inch  below  and   at  right  ai 
to  the  piston  pin  bore.  Fig.  12-2-19.  If  skirt  diameter  is 
than  3.433  discard  piston. 

3.  Compare  cylinder  bore  ID  and  piston  OD  to  check  cyl 
bore-to-piston  clearance.  Clearance  must  not  exceec 
inch. 

4.  Check  ring  groove  wear. 

a.  Install  a  new  ring  in  top  groove  of  piston. 

b.  Insert   a  .004   inch    feeler  gauge  between    ring    and    f 
groove. 

c.  Compress  ring  in  piston  groove.  If  ring  is  below  piston 
surface  with  feeler  gauge  in  place,  wear  is  excessive 
piston  must  be  discarded. 

5.  Place  new  ring   in  cylinder  bore  and  check  ring  enc 


CODE 


Fig.  12-2-32.    Check  connecting   rod   bushln 
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Fig.   12-2-24.    Cr«nk«h«ft  «nd   support  number 


Fig.  12-2-25.    Install  thrust  bearing 
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Fig.  12-2-Q7.    Install  thrutt  bearing 
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with  a  feeler  gauge.  Fig.  12-2-QO.  Check  Table  12-2-3  for 
limits. 

Check  piston  pin  bore  with  a  telescope  gauge.  If  worn  be- 
yond wear  limits  in  Table  12-2-3,  discard  piston.  Fig.  12-2- 
21. 

Check  connecting  rod  bearing  I.D.  with  a  telescope  gauge. 
If  I.D.  exceeds  i.3787  inch  on  one-pieco  connecting  rod, 
discard  connecting  rod.  If  two-piece  connecting  rod  is 
used,  discard  bearing  shells  and  replace  new  shells  during 
assembly.  Fig.  12-2-22. 

Check  support  bushing  I.D.  with  telescope  gauge.  If  I.D. 
exceeds  1.757  inch,  press  out  support  bushing.  Fig.  12-2-23. 

Note:  Use  ST-695-2  Mandrel  to  remove  support  bushings 
on  gear  driven  compressor. 


Assembly  —  Gear  Driver!  Compressor 

1.  Lubricate  support  bushings  and  install  with  oil  holes 
aligned.  Use  ST-695-1  Mandrel  for  all  gear-driven  com- 
pressors. Bushings  must  be  installed  .120/.130  inch  below 
surface. 


2.  Select  thrust  bearings  from  Table  12-2-1  to  provide  proper 
crankshaft  end  clearance.  Apply  Lubriplate  Type  130AA  to 
grooved  side  of  thrust  bearing.  Install  thrust  bearing  with 
grooved  side  out.  Fig.  12-2-25.  New  thrust  washers  will  be 
wavy. 

3.  Install  crankshaft  in  crankcase  end  of  support  housing.  Fig. 
12-2-26. 
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Fig.    12-2-26.     Initall   crankahaft 
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Fig.  12-2-28.    Check  crankihaft  end  clearance 
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4.  Turn  support  housing  over.  Apply  Lubriplate  to  grooved 
side  of  second  thrust  bearing  and  install  with  grooved  side 
up. 


a.  On  J,  C,  H-NH  (EOL)  engines,  apply  Lubriplate  to  thrust 
bearing  retaining  sleeve  and  press  sleeve  over  crankshaft 
flush  with  thrust  bearing.  Install  key  in  crankshaft.  Apply 
Lubriplate  to  drive  gear  and  press  gear  onto  crankshaft 
flush  with  shoulder. 

Note:  install  spacer  on  crank- 

shaft. Press  roller  bearing  onto  crankshaft  flush  with  drive 
gear. 

6.  Check  crankshaft   end   clearance.   Fig.   12-2-28.   Clearance 
must  be  .004/.009  inch.  (It  is  necessary  to  manually  deflect 
[depress]  waviness  from  thrust  washer  to  make  end  clear- 
ance tolerance  check). 

7.  Heat  piston  in  water  to  expand  piston  pin  bore  and  install 
piston  pin  through  piston  and  connecting  rod.  Fig.  12-2-30. 
Secure  pin  with  snap  rings. 

Caution:  Do  not  drive  pin  through  piston. 

8.  Install  ring  expander  and  piston  rings  on  piston.  Fig.  12-2- 
29.  To  improve  ring  break-in,  install  red  oxide  coated  com- 
pression ring  in  second  groove. 

Caution:  Keep  word  "top"  on  compression  rings  to  top.  If 
piston  and  rod  assembly  are  held  by  a  vise  use  small 
blocks  of  soft  wood  to  prevent  vise  marring  rod. 

9.  Lubricate  with  oil  and  install  piston  and  rod  assembly   in 
crankcase  using  a  sleeve  type  ring  compressor;  install  with 
one  swift  smooth  motion,  do  not  just  tap   in,  oil   ring  rail 
may  pop  out. 

10.  Mount  crankcase  assembly  on  ST-749  Mounting  Plate. 

11.  Apply  Lubriplate  Type  130AA  to   connecting   rod   bushing 


Fig.   12-2-30.     Install    piston   pin 


and  support  bushing.  Assemble  support  gasket  to  en 
case;  slip  crankshaft  through  connecting  rod  and  sec 
support  to  crankcase  with  lockwashers  and  capscrews. 

Caution:  Do  not  damage  crankshaft  during  assembly  | 
cedure. 

12.  Install  the  counterweight  key  in  the  crankshaft. 

13.  Using  a  plastic  mallet,  start  the  counterweight  on  the  si 
Counterweight   must  then    be   pressed    on   until    flush 
crankshaft  shoulder. 

14.  Install  the  counterweight  washer,  lockplate  and  capscr 
15. -Install  Item  #3  of  ST-749  to  mounting  plate. 

16,  Tighten  Counterweight  capscrew  to  40  ft.  Ibs.  Fig.  12-2- 

17.  With  an  indicator,  check  connecting  rod  side  clearanci 
shown  in  Fig.  12-2-32.  Clearance  must  be  .003/.008  inc 
(Lock  lockplate.) 


Fig.   12-2-29.     Initall   piston   rings 
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Fig.  15-2-31.    Tighten   counterweight   copacrew 


Install  new  cylinder  head  gasket. 

Place  cylinder  head  on  crankcase  and  secure  with  lock- 
washers  and  capscrews.  Tighten  capscrews  to  35  foot- 
pounds. 


Using  Thrust  Bearing  Chart 

Table  12-2-1  below  will  enable  you  to  make  selection  of 
thrust  washer  combinations  necessary  to  provide  correct 
crankshaft  end  clearance. 

Follow  horizontal  column  under  crankshaft  number  until  it 
intersects  the  vertical  column  under  support  number.  Inter- 
section of  these  columns  provide  appropriate  bearing  com- 
binations. For  example,  a  #53  support  and  a  #40  crankshaft 
require  a  combination  of  one  "A"  and  one  "B"  bearing  for 
proper  end  clearance.  A  #52  support  and  a  #37  crankshaft 
requires  a  combination  of  two  "A"  bearings  for  proper  end 
clearance. 

Thrust  bearing  part  numbers  are  given  in  Table  12-2-2  fol- 
lowing. 

Note:  When  ordering  use  part  number  only.  DO  NOT  USE 
CODE  LETTER. 


Table  12-2-2:  Thrust  Bearings  Size  and  Code 


Thrust  Bearing 


Size 


Chart  Code 
Letter 


#130080 088-.090 A 

#130081 090-.092 B 

#130083 092-.094 C 

#130082 100-.102 NONE 


Table  12-2-1:  Thrust  Bearing  Chart 

Support 
Number 

Crankshaft  Number 

53     

40 

AB 

39 
AB 
AB 
BB 
AC 
BC 
BC 

38 
AA 
AB 
AB 
BB 
AC 
BC 

37 
AA 
AA 
AB 
AA 
AB 
AB 
.  ..BB 

36 

AA 
AB 
AB 
BB 
BB 
BC 

35 

AA 
AA 
AA 
AB 
AB 
BB 

34 

AA 
AA 
AA 
AA 
AB 
BB 

13 
AB 

12 

AB 
AB 
BB 
AC 
BC 
BC 

11 

AA 
AB 
AB 
BB 
AC 
BC 

10 

AA 
AA 
AB 
AB 
BB 
AC 

52     

BB 

51     

AC 

50     

BC 

19     

BC 

18     

CC 

VJ     

16     

.  ..BB 

15     

...BC 

26     

25     

B8 

24     

AC 

23     

BC 

22     

BC 

21     

.  ..CC 

Air  Compressor  Piping 

The  recommended  piping  diagram  for  Cummins  Air  Com- 
pressor where  used  with  or  without  the  alcohol  evaporator, 
is  shown  in  Fig.  12-2-38.  Where  not  required,  omit  evap- 
orator and  connecting  two  lines. 


NO.  4  MEDIUM  nttsunt  HOU 
TVIIKG 


Fig.  12-2-32.    Ch«ck  connecting   rod  side  clearance  N11243 

Governors  and  Pressure  Settings 

Governor  settings  may  be  adjusted  to  a  maximum  operat- 
ing pressure  of  125  psi  for  compressors  supplied  with 
Cummins  engines. 


Fig.  12-2-38.    Air  compressor  piping  specifications 


N112C 


Table  12-2-3:  Worn  Replacement  Limits  —  Cummins  Compressor 


Unit 
No. 


Part  Name 
or  Location 


New  Dimensions 
Minimum  Maximum 


Worn  Replacem 
Limit 


1201  CRANKCASE: 

Crankcase  bore  3.4395 

PISTON: 

Piston  skirt  dia.  (at  70°F.)  3.4355 

Piston  pin  bore  (at  70°F.)  .6875 

Ring  grooves  #1   comp.  .095 

#2  comp.  .095 

oil  ring  .188 
Ring  gap  clearance 
(In  new  crankcase  bore  at  3.4395  in.) 

#1   comp.  .010 

#2  comp.  .010 

oil  ring  .010 

Piston  pin  .6874 

CONNECTING  ROD: 
Rod  bend 
Rod  twist 

Piston  pin  bushing  .6880 

Crankshaft  bushing  (one-piece)  1.L762 

CRANKSHAFT: 

Connecting  rod  journal  1.3740 

Rear  support  journal  1.7495 

Front  journal  (I.O.L.  engines  only)  1.5615 

Rear  support  bearings  (140420)  1.7530 
Front  crankshaft  bearng  (I.O.L.  engines  only)       1.5665 

End  Clearance  .0040 


3.4405 

3.4365 
.6880 
.096 
.096 
.189 


.020 
.020 
.015 
.6876 

.002 

.005 

.6885 

1.3772 

1.3750 
1.7505 
1.5620 
1.7550 
1.5685 
.0090 


3.4430 

3.4330 
.6890 
.098 
.098 
.191 


.6869 


.6895 
1.3787 

1.3725 
1.7485 
1.5605 
1.7570 
1 .5705 
.0120 


uble  Shooting  —  Air  Compressors 


Complaints 

Compressor  fails  to  maintain  adequate  pressure  in   the  air 
orake  system. 

Note:   Check    compressor    unloader   valve    action    as    indi- 
cated  under  "D". 


^Joisy  Operation 


Compressor  Passes  Excessive  Oil 

s   unit  really  pumping  oil? 
How  to  check: 

Bleed  air  tanks  slowly  —  if  black  and  oily — no  good; 
if  gray,  oil  pumping  not  too  bad,  but  may  still  need  re- 
pair, if  all  water  with  slight  oil  film —  O.  K 

2heck  for  oil  pumping 

Warm  engine  up  to  operating  temperature. 

Disconnect  air  discharge  line  at  compressor  head. 

Jse  shop  aii-  at  100  psi  at  unloader  valve  to  unload  com- 
pressor. 

Dperate  compressor  in  unloaded  condition  for  10  minutes. 
5lace  white  cloth  over  air  discharge  port. 

Jisconnect  shop  air  from  unloader  valve  and  operate  com- 
jressor  lor  10  minutes. 

f  compressor  is  not  pumping  oil,  only  a  faint  trace  of  gray 
vill  show  on  white  cloth. 

Another  more  time  consuming  method  is  to  steam  clean 
vet  tank  and  have  customer  operate  unit  for  one  or  two 
rips. 

Jote:  Just  because  there  is  oil  in  the  ,vr  tanks  is  not  proof 
hat  the  compressor  is  presently  pumping  oil.  There  have 
>een  many  cases  where  corrections  have  been  effected, 
iut  the  oil  in  the  tanks  takfti  a  long  time  to  dissipate. 

lemove  unloader  valvn  assembly  and  check  exhaust  valve 
:nd  air  discharge  passage  for  oil. 


Possible  Cause 

1.  Air  governor  set  improperly,  or  malfunctioning. 

2.  Excessive    carbon    in    compressor    cylinder    head    or    dis- 
charge line. 

3.  Discharge  valve  leaking. 

4.  Excessive  wear. 

5.  Intake  valve  stuck  open. 

6.  Excessive  leakage  of  intake  valve. 

7.  Unloader  cap  stuck. 

8.  Leaks  in  vehicle  air  system. 

9.  Check  valve  inoperative. 

1.  Same  as  Step  #2  above. 

2.  Worn  or  burned  out  bearings. 

3.  Same  as  Step  #4  above. 

4.  Worn  gears. 

5.  Excessive  end  play. 


Complaints 

Remove  cylinder  head,  check  cylinder  bore  for: 

Vertical  scratches. 

Taper. 

Out-of-round. 

Rings  seating. 

Signs  of  distress  —  valve  spring  breakage  —  etc. 

99%  of  the  oil  pumping  air  compressors  inspected  have 
been  found  to  have  one  or  more  deep  vertical  scratches  in 
the  bore.  Why  scratches?  Carbon  ring  installation,  dirt  and 
failed  valves  or  springs. 

Reasons  for  oil  consumption. 


Possible  Cause 


Correct  oil  pumping. 

.  Block 

.  Make  certain  that  orifice  is  not  used  to  limit  lube  oil  sup- 
ply; front  support  or  crankshaft. 

!.  Check  cylinder  bore  to  determine  if  it  needs  honing  over- 
size and  resolve  what  specific  oversize  dimension  should 
be  used  for  honing  operation.  (Pistons  are  available  in  .010, 
.020  and  .030  oversize). 

).  Hone  cylinder  bore  with  150  grit  stone,  wet,  and  obtain  45° 
cross-hatch  pattern. 

\.  After  honing,  note  that  there  is  a  slight  burr,  left  by  the 
hone,  at  the  top  of  the  bore,  just  at  the  lower  edge  of  the 
top  bore  chamfer.  Be  sure  to  remove  the  burr. 

5.  Wash  block  to  remove  all  traces  of  hone  material. 

3.  Piston  and  Rings 

1.  Inspect  piston   for  wear-skirt-ring   grooves   etc.   Also   note 
wear  pattern  on  skirt,  if  uneven  below  pin  bosses,  there 
may  be  too  much  clearance  in  front  support  to  crank  or 
the  rod  may  be  bent  or  twisted.  Make  sure  piston  is  latest 
style  as  outlined  in  Service  Letter  6355. 

2.  Install  new  rings  on  piston.  Rings  as  per  reference  Service 
Letter  6355. 

3.  Check  rod  for  proper  pin  and  crank  bore  sizes;  check  for 
bend  and  twist. 

D.  Compressor  Does  Not  Unload 
See  checking  procedure  following: 


1.  Same  as  Step  #4  under  item  A. 

2.  Excessive  oil  pressure. 

3.  Back  pressure  from  engine  crankcase. 

4.  Piston  rings  improperly  installed  or  broken. 

5.  Carbon  from  head  dropping  into  bore  and  scratching  cyl- 
inder walls. 

6.  Bent  rod. 


1.  Air  governor  working  improperly. 

2.  Defective  unloader  or  cap  guide  seal. 

3.  Unloading  cavity  plugged  with  carbon. 


omplaints 


Air  Compressor 

Possible  Cause 

4.  Unloading  cap  binding  or  stuck. 

5.  Unloader  spring  failure. 

6.  Unloader  cap  not  seating  properly  on  intake  valve  seat. 


Checking  Cummins  Air  Compressor  Unloader  Valve  Spring 


The  following  checking  and  adjusting  procedures  are 
for  your  use  in  trouble-shooting  air  compressors  not 
pumping  or  slow  pressure  build-up  air  tank  pressure. 
Our  investigations  show  that  these  complaints  are  us- 
ually caused  by  one  or  more  of  the  following: 

mproper  tension  on  the  unloader  valve  spring. 

Mr  governor  not  dumping  air  pressure  from  the  compres- 
sor unloader  valve. 

Darbon  deposits,  worn  or  broken  compressor  intake  and 
jxhaust  valves,  seats  and  springs. 

Worn  or  broken  (chipped)  intake  and  exhaust  valves, 
valve  seats  and  springs  can  be  determined  by  simple 
visual  examination. 

The  air  governor  is  designed  to  function  to  control  the 
air  compressor  so  that  air  tank  pressure  is  maintained 
in  the  range  of  90  to  120  psi.  Proper  functioning  of  the 
air  governor  can  be  checked  by  installing  a  pressure 
gauge  in  the  line  between  the  air  compressor  and  air 
governor  and  checking  whether  the  governor  functions 
correctly.  In  some  cases  the  passages  in  the  governor 
or  connecting  lines  have  become  clogged  so  the  pres- 
sure necessary  to  actuate  the  compressor  unloader 
valve  is  not  transmitted  to  the  compressor.  When  clog- 
ging occurs,  cleaning  or  repair  of  the  air  governor  is 
necessary  to  restore  proper  operation. 

Proper  functioning  of  the  compressor  unloader  valve 
depends  upon  the  spring  tension  on  the  unloader  cap 
which  must  be  adjusted  so  the  cap  will  actuate  and 
unload  the  air  compressor  at  a  lower  pressure  than  will 
be  applied  through  the  air  governor.  Also,  the  cap  must 
retract  and  allow  the  compressor  to  start  pumping 
when  the  pressure  on  the  unloader  cap  is  more  than 
atmospheric  pressure.  The  unloader  valve  should  be 
adjusted  so  it  will  function  as  follows: 

he  unloader  valve  should  actuate  to  unload  or  stop  air 
ompressor  pumping  when  pressure  on  the  cap  from  the 
ir  governor,  or  as  applied  by  other  means,  reaches  a  min- 
num  of  60  psi. 

he  unloader  valve  should  open  or  retract  and  allow  the 
ir  compressor  to  pump  when  pressure  on  the  cap  is  re- 
uced  to  a  minimum  of  10  psi. 

Operation  of  the  unloader  valve  may  be  checked  by 
applying  shop  air  pressure  to  the  unloader  valve  cover 


Air  Equipment  Group  12 
Air  Compressor 
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Complaints 

Some  arrangement  must  be  used  so  the  pressure  may 
be  varied  from  zero  (0)  to  approximately  100  psi.  A 
simple  arrangement  of  two  valves,  a  pressure  gauge 
and  connections  can  be  used  for  this  check.  One  of 
the  valves  must  be  arranged  to  bleed  off  air,  then  by 
adjusting  both  valves,  the  pressure  applied  to  the  un- 
loader  cap  can  be  varied  as  desired. 

With  the  above  arrangement,  operation  of  the  unloader 
valve  may  be  checked  as  follows: 

1.  Disconnect  the  air  compressor  discharge  line  at  the  com- 
pressor and  with  engine  running  at  rated  speed  gradually 
increase   air   pressure    on    the    compressor   unloader  valve 
jntil  air  compressor  unloads  or  stops  pumping.  Note  pres- 
sure on  gauge  at  which  this  occurs. 

2.  Gradually   decrease   pressure   on   unloader  valve   until    air 
compressor  begins  to  pump.  Note  pressure  at  which  this 
occurs. 

Note:  Pressures  on  the  unloader  valve  at  which  the  air 
compressor  loads  and  unloads  vary  with  engine  speed  and 
is  approximately  20  psi  higher  at  idle.  Therefore,  it  is  im- 
portant that  these  checks  be  made  at  engine  rated  speed. 

3.  If  the  pressure  in  Step  2  is  less  than  10  psi,  check  the  un- 
loader cap  to  make  sure  it  is  free  in  the  body.  On  some 
occasions  sharp  edges  or  burrs  on  the  body  have  caused 
unloader  caps  to  stick.  Correct  by  polishing  edges  of  the 
body  or  otherwise  making  certain  the  unloader  cap  works 
freely  in  the  body. 

4.  If  unloader  cap  is  working  freely,  add  a  sufficient  number 
of  shims,  Part  No.  67990,  between  cap  and  spring  to  adjust 
spring  tension  so  unloader  valve  will   retract  and  load  air 
compressor  at  a  minimum  of  10  psi  pressure  on  the  valve 
at  rated  engine  speed. 

5.  Never  add  more  shims  than  necessary  to  get  air  compres- 
sor to   load   with   10  to   15   psi   pressure   on   the   unloader 
valve  at  rated  engine  speed.  Excessive  shimming  may  pre- 
vent unloader  valve  from   closing  to   unload  the  air  com- 
pressor. 

6.  After  adjustment,   connect   air  compressor  discharge    line 
and  governor  line.  Recheck  air  compressor  loading  and  un- 
loading by  reducing  air  pressure  in  tanks  with  brakes  or 
other  means  two  or  three  times.  Also,  allow  engine  to  run 
•at  rated  speed  for  a  few  minutes  after  air  compressor  is 
unloaded  by  maximum  air  tank  pressure,  as  it  should  under 
normal   operation.  This   check   is  to   insure  that   the  com- 
pressor is  unloading  completely.  During  check,  the  vehicle 
air  gauge  hand  should  not  creep  if  adjustments  are  made 
correctly. 

E.  Compressor  head  leaking  water. 


Possible  Cause 


1.  Capscrews  not  tight. 

2.  Excess  torque  on  valve  assembly  capscrews. 

3.  Head  or  head  cover  porous  or  cracked. 
A.  FIHInnc  rvnt  nrnr>ftrlv  installed. 


Electrical  Equipment 
Group 


The  principle  function  of  the  Electrical   System 

is  that  of  cranking  or  starting  and  c 

erating  electrical  accessories  as  required  by  the  unit  bei 
powered. 


Cranking  Motor— Unit  1301 
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Electrical  Cranking  System 

This  unit  includes: 

Electric  Cables  and  Connections 
Ground  Connections 
Cranking  Motor 
Series-Parallel  Switch 
Batteries 

The  information  contained  in  this  section  is  limited  to  a 
brief  description  of  the  function  and  operation  of  electric 
units  and  to  simple  tests  and 

adjustments  that  can  be  made  without  special  equipment. 


Electric  Cables  and  Connections 

Electric  current  traveling  through  a  wire  may  bo  compar 
to  water  flowing  through  a  hose  or  pipe.  Voltage  in  t 
electric  circuit  is  like  pressure  behind  water  in  the  ho 
Water  pressure  is  lost  if  it  is  allowed  to  leak  or  if  he 
diameter  is  so  small  that  it  offers  resistance  to  flow.  T 
loss  of  water  pressure  compares  with  loss  of  electric  pri 
sure,  or  voltage,  because  of  poor  connection  or  conducti 
of  insufficient  capacity. 


Battery  Cables 

Starter  circuit  resistance  can  have  a  significant  effect 
performance  of  the  system  to  satisfactorily  start  cingi 
An  increase  in  the  circuit  resistance,  duo  to  cable  and  c< 
nection  deterioration,  will  reduce  cranking  speed  and  sta 
er  cranking  torque  and  result  in  more  difficult  engine  sk 
ing,  even  with  batteries  of  poor  capacity. 

The  total  resistance  of  the  circuit  must  not  exceed  "rne 
mum  circuit  resistance"  shown  in  Table  13-1-1.  Resistar 
reduces  electric  current  and  cranking  effort.  The  low-vi 
age  high-amperage  current  in  the  cranking  motor  circ 
requires  heavy-duty  cables  and  good  connections.  Batt 
cable  size  is  based  on  total  cable  length  (over  to  stai 
and  back  to  battery). 


Ground  Connections 

In  engine  applications  a  common  ground  connection 
sometimes  used.  This  system  uses  Ihe  metal  of  the  unit 
one  side  of  the  electric  circuit  and,  as  such,  makes 
metal  that  lies  between  electric  unit  and  battery  or  g 


g     13-V1.     Single  baltery   location  —  small   pnir  of 
bles  wilh   forne   ground   return 


is  bolted  directly  to  the  frame  makes  a  poor  electric  con- 
nection. All  ground  connections  from  any  electric  unit 
should  be  made  to  the  same  solid  or  bridged  metal  mem- 
ber to  which  the  battery  itself  is  grounded.. 
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solid  metal  member. 

,n  occasion  may  arise  when  the  battery  is  grounded  to  one 
earn  of  the  frame  and  it  is  necessary  to  make  ground  con- 
ections  to  a  second  beam  or  section  of  the  superstructure 
'hich  is  jointed  to  the  first.  This  can  be  done  safely  if  you 
rst  bolt  and  sweat-solder  a  flexible,  heavy  metal  strap 
etween  the  two  .beams  to  bridge  the  joint.  This  has  the 
ffect  of  making  the  jointed  member  a  part  of  the  beam 
hich  grounds  the  battery.  All  meta!  joints  in  the  circuit 
hould  be  treated  in  this  manner.  This  will  also  hold  true 
>r  instrument  ground  connections  in  the  cab,  on  the  in- 
irument  panel,  etc. 

lany  engines  and  cabs  are  installed  on  rubber  or  other 
exible  mountings.  Thesu  mountings,  in  themselves,  pro- 
ide  practically  no  electric  connection  to  the  frame.  Even 
solid-type  engine  mounting  in  which  the  flywheel  housing 


Never  install  a  battery  or  electric  connection  in  a  dirt 
stream  or  where  excessive  dirt,  oil  or  corrosion  will  collect. 
Dirt,  oil  and  corrosion  act  as  an  effective  resistor,  taking 
away  current  needed  for  engine  cranking.  Never  attach 
ground  wires  to  a  rusty,  greasy,  or  dirty  surface. 

Regardless  of  where  magnetic  switches,  cut-out  relays,  and 
other  control  units  are  mounted,  a  separate  ground  wire 
should  be  run  from  the  proper  terminal  or  designated  part  ' 


tion,  the  heavy  cable  can  swing  back  and  forth  to  Ic 
connection.  Loose  connections  leave  a  space  bet 
cable  terminal  and  frame,  which  may  allow  the  entran 
dirt  or  moisture  to  form  rust  or  corrosion. 

Recommended  ground  connections  and  methods  of 
venting  cable  swing  are  shown  in  Fig.  13-1-7.  The  su 
of  the  frame  at  the  connection  is  tinned  to  prevent  rus 
corrosion. 


of  the  unit  to  the  same  solid  metal  member  grounding  the 
battery.  Whenever  possible,  make  ground  connections  di- 
rectly to  the  battery's  grounding  bolt.  This  will  provide  a 
dependable  ground  return  circuit  and  permit  unretarded 
passage  of  current  to  allow  units  to  function  as  they  are 
intended. 

The  sketches  shown  here  indicate  the  proper  method  of 
grounding  certain  units.  They  are  not  complete  wiring  dia- 
grams, and  under  no  circumstances  should  they  be  used 
as  such. 

To  make  a  good  electric  connection  between  a  cable  ter- 
minal and  the  frame,  you  must  clean  and  scrape  metal  sur- 
faces until  they  are  bright;  then  tin  these  surfaces  to  pre- 
vent rust  and  corrosion.  To  make  a  dependable,  permanent 
joint,  sweat-solder  cable  and  frame  after  they  are  bolted 
together. 

The  heavy  cables  used  to  make  ground  connections  from 
the  battery,  cranking  motor  or  engine  should  not  swing.  A 
single  bolt  connection  as  shown  in  Fig.  13-1-6  is  unreliable. 
The  surface  of  frame  at  the  joint  is  not  tinned  and,  in  addi- 


Fig.   13-1-6.    Unreliable  ground  cable 


Fig.   13-1-7.    Reliable  ground  cable 


Table  13-1-1:  Cable  Siies  —  Total  Length  Allowable  in  Cranking  Motor  Circuit  Using  Cable  Sizes  Indicated 


Maximum 

B  and  S  Gauge  and  Length 
#0000  Or 

Circuit 

#00 

#000 

Two  #0 

Two 

#00 

Circuit  Voltage 

Resistance 

Ft. 

M 

Ft. 

[m] 

Ft.          [m] 

Ft. 

[m] 

12-V  0.001  Ohm  To  10     [3.048]          10/12   [3.048/3.6576]        12/15    [3.6576/4.572]        15/19     [4.572/5.79 

12-V  High  Output 

Starting   Motor          0.00075  Ohm       To  6      [1.8288]        6/8       [1.8288/2.4384]      8/10      [2.4384/3.048]        10/13     [3.048/3.96 
24-Vto32-V  0.002  Ohm  To  20     [6.096]          20/27   [6.096/8.2296]        27/35     [8.2296/10.668]      35/45     [10.668/13. 

Note:  Two  strands  of  #0  cable  may  be  used  in  place  of  one  #0000  cable  provided  all  connections  are  carefully  made, 
is  to  insure  that  current  in  each  parallel  cable  will  be  equal.  The  cross  sectional  circular  mil  area  of  #0000  cable  is  double 


Cranking  Motors 

The  cranking  motor  is  a  special 

overload  motor  capable  of  delivering  high  horsepower.  In 
order  to  obtain  this  power,  it  is  necessary  to  build  the 
cranking  motor  with  a  minimum  of  resistance  so  a  large 
current  will  be  taken  through  it.  The  cranking  motor  should 
be  used  for  short  periods  only  (30  seconds  maximum)  to 
avoid  the  possibility  of  failure  due  to  overheating. 

The  cranking  motors  •  are  of 

the         24                  volt  series.  The  voltage  rating  must  be 

selected  to  be  compatible  with  engine  cranking  require- 
ments as  well  as  system  voltage. 


3.  Oil  plugs  should  be  removed  every  6  months  and  the  res- 
ervoir packed  with  graphite  grease.  On  tractor,  marine  and 
stationary  applications,  lubricate  at  every  unit  rebuild. 

4.  Do  not   lubricate  excessively,   since  excessive  oiling  may 
cause  oil  and  grease  to  gum  on  the  commutator  and  re- 
duce the  cranking  ability  of  motor.  Never  oil  commutator. 

5.  On  some  models,  oil  wicks  are  used  for  lubrication  of  the 
center  or  drive-end  bearing.  The  wick  is  saturated  with  oil 
before    assembly.   When   the    cranking    motor   is    removed 
from  engine,  oil  wick  should  be  saturated  with  oil  before 
unit  is  reinstalled. 

6.  All   oilless-type   bushings   should   be   supplied   with   a  few 
drops  of  light  engine  oil  whenever  disassembled. 

7.  Lubricate  cranking  motor  drives  with  a  few  drops  of  light 
engine  oil  during  installation.  Avoid  excessive  oiling. 


Cleaning 

All  parts  should  be  cleaned  after  disassembly,  Do  not  clean 
the  armature  or  fields  in  degreasing  tank;  compounds  used 
in  this  type  of  cleaner  may  cause  damage  to  mica  or 
enamel  insulation  and  rubber. 

If  the  commutator  is  dirty,  it  may  be  cleaned  with  a  strip 
of  No.  00  sandpaper. 

Caution:  Never  use  emery  cloth  to  clean  commutator. 

All  dust  must  be  blown  from  cranking  motor  after  com- 
mutator has  been  cleaned. 

If  commutator  is  rough,  out-of-round,  or  has  high  mica,  re- 
move unit  from  engine  and  disassemble  armature.  Turn  the 
commutator  down  in  a  lathe,  removing  only  sufficient  ma- 
terial to  true-up  the  commutator  and  remove  roughness 
and  high  mica.  Undercut  the  mica. 

Replace  worn  brushes.  If  brushes  wear  rapidly,  check  for 
incorrect  brush  spring  tension  and  roughness  or  high  mica 
on  the  commutator. 


Lubrication 

All  bearings  provided  with  hinge  cap  or  ball-type  oilers 
should  have  8/10  drops  of  light  engine  oil  every  400  hours. 
lubrication. 

On  units  so  equipped,  keep  grease  cups  filled  with  medium 
cup  grease.  Turn  down  one  turn  every  400  hours  for  proper 
lubrication. 


Cranking  Motor  Controls 

1.  Because  of  high  current  flow  from  battery  to  cranking  mo- 
tor during  cranking,  a  positive  means  of  connecting  and 
disconnecting   battery  and  cranking   motor  must  be  used. 
The  switch  used  must  have  contacts  of  adequate  size  to 
carry  current  without  burning.  A  manually  operated  switch 
mounted  on  the  floor  board  or  cranking  motor  frame  is  the 
simplest  type. 

2.  Some  applications  use  a  magnetic  switch 
— a  small  electromagnet — which,  when  energized,  draws  in 
a  plunger  and  causes  a  contact  disc  to  make  contact  be- 
tween two  terminals  to  complete  the  circuit  from  battery 
to  cranking  motor.  The  magnetic  switch  winding  is  usually 
energized  by  a  push  button. 

3.  Some  applications  with   the   overrunning   clutch 

use  a  somewhat  larger  magnetic  switch  called 
a  solenoid  switch.  Here,  the  plunger  not  only  thrusts 
against  a  contact  disc  to  close  the  battery-to-cranking 
motor  circuit,  but  is  also  linked  to  the  shift  lever  so  the 
drive  pinion  is  shifted  into  mesh  with  the  flywheel  teeth 
by  the  solenoid  action.  The  solenoid  switch  is  usually 
actuated  by  a  push  button. 


4. 


The   series-parajlel    system    is 

designed  to  provide  a  means  of  connecting  two  batteries 
in  series  to  provide  increased  voltage  for  cranking,  and 
reconnecting  the  two  batteries  in  parallel  for  normal  op- 
eration of  electrical  equipment  after  starting  has  been 
accomplished. 


Cranking  Motor  Drives 


?  1 1 1  i  i 

t  *      »  t 


r--,    eo 


Nut 

Lockwasher 

Nut 

Lockwa&her 

Nut 

Washer,  plain 

Connector 

Screw  and  lockwasher 

Solenoid  switch 

Nut*  plunger  rod  adjusting 

Guide,  plunger 

Plunger  assembly 

Washer,  retainer 

Boot 

Washer,  retainer 

Spring 

Retainer,  spring 

Nut 

Screw 

Screw 

Drive  housing 

"0"  ring 

Motor  drive  clutch 

Washer,  brake 

Screw 

Lockwasher 

Lever  housing 

Gasket 

Washer,  space 

Retainer,  spring 

"0"  ring 

Snapring 


32  "0"  ring 

33  Shaft,  lever 
3^  Lever,  shaft 

35  Snapring 

36  Nut 

37  Lockwasher 

38  Washer,  plain 

39  Insulator 

40  Screw,  frame  attaching 

41  Lockwasher 

42  Commutator  end  frame 

43  »0"  ring 

44  Brush  plate  assembly 
44a  Brush 

4-5  Washer,  plain 

4-6  Washer,  insulating 

47  Bushing,  terminal  stud  insulating 

48  Thrust  washer 
4-9  Armature 

50  Washer,  insulating 

51  Gasket 

52  Bushing,  terminal  stud  insulating 

53  Field  coil 

54-  Insulator,  field  coil 

55  Screw,  pole  shoe 

56  Pole  shoe 

57  Insulation,  pole  shoe 

58  Insulation,  pole  shoe 

59  Insulation 


Figure  13-1-8.  Cranking  motor* 


4.  When  engine  begins  lo  operate,  it  attempts  to  drive  cri 
ing  motor  armature,  through  the  pinion,  faster  than  ar 
ture  is  rotating.  This  causes  pinion  to  rotate  with  resf 
to  the  shell  so  it  overruns  shell  and  armature.  The  rol 
are  turned  back  toward  larger  section  of  shell  note 
where  they  are  free,  and  thus  permit  the  pinion  to  over 
This  protects  armature  until  automatic  controls  take  c 
so  the  shift  lever  is  released,  causing  shift  lever  sprinc 
pull  overrunning  clutch  drive  pinion  out  of  mesh  from 
gine  flywheel  ring  gear.  This  shift  lever  movement  i 
opens  cranking  motor  switch  so  armature  stops  rotating 


Overrunning  Clutch  Drive  —  Roller  Type 


1.  The   overrunning    clutch    is   designed   to    provide    positive  . 
meshing  and  disengagement  of  drive  pinion   and  flywheel 
ring  gear.  It  uses  a  shift  lever  that  slides  the  clutch  and 
drive  pinion  assembly  along  armature  shaft  so  it  can  be 
meshed  and  disengaged  as  required.  The  clutch  transmits 
cranking  torque  from  cranking  motor  to  engine  flywheel  but 
permits   drive   pinion   to   overrun,   or  run   faster   than,   the 
armature   after   engine   is   started.   This   protects   armature 
from  excessive  speed  during   brief  interval  that  the  drive 
pinion  remains  in  mesh. 

2.  The  overrunning  clutch  consists  of  a  shell  and  sleeve  as- 
sembly that  is  splined  internally  to  match  splines  on  arma- 
ture   shaft.    Thus,    both    the    shell    and    sleeve    assembly 
and  armature  shaft  must  turn  together.  A  pinion  and  collar 
assembly  fits  loosely  into  shell,  and  the  collar  is  in  contact 
with   four   matched   steel   rollers   that   are    assembled    into 
notches  cut  in  the  inner  face  of  shell.  These  notches  taper 
inward  slightly  so  there  is  less  room  in  the  end  away  from 
rollers  than  in  the  end  with  rollers.  The  rollers  are  spring- 
loaded  by  small  plungers. 

3.  When  shift  lever   is  operated,   clutch   assembly   is   moved 
endways  along  armature  shaft  so  pinion  meshes  with  fly- 
wheel ring  gear.  If  teeth  should  butt  instead  of  mesh,  clutch 
spring  compresses  so  pinion  is  spring-loaded  against  ring 
gear  teeth.  When  armature  begins  to  rotate,  meshing  takes 
place  at  once.  Completion  of  shift  lever  movement  closes 
cranking  motor  switch  so  armature  begins  to  rotate.  This 
rotates  shell  and  sleeve  assembly,  causing  rollers  to  jam 
tightly  in  smaller  sections  of  shell  notches.  The  rollers  jam 
between  pinion  collar  and  shell  so  pinion  is  forced  to  ro- 
tate with  armature  and  crank  engine. 


Checking  An  Improperly  Operating 
Cranking  Motor 

1.  If  cranking  motor  does  not  develop  rated  torque  and  crt 
engine  slowly  or  not  at  all,  some  indication  of  \he  soi 
of  trouble  may  be  gathered  by  turning  on  the   lights 
attempting  to  crank. 

a.  If  lights  go  out  as  cranking  motor  switch  is  closed, 
probable  that  a  poor  connection  exists  at  battery  termi 
or  elsewhere  in  the  circuit. 

b.  If  lights  dim  considerably,  but  still  burn,  it  \s  likely  that 
battery  is  run  down.  Or,  possibly  there  is  some  mechar 
trouble  either  in  the  cranking  motor  or  in  the  engine 
makes  it  difficult  for  cranking  to  take  place,  and  an  ex 
sively  high  current  drain  on  the  battery  consequently 
suits. 


f  lights  do  not  dim,  it  indicates  there  is  no  current  flowing 
:o  cranking  motor,  due  either  to  cranking  motor  or  crank- 
ng  motor  switch  being  open. 

fhe  preceding  checks  give  only  an  approximate  idea  of  the 
source  of  trouble,  so  in  an  emergency  it  might  be  possible 
to  effect  a  temporary  repair  to  allow  temporary  operation. 
To  make  a  systematic  analysis  of  the  cranking  motor  sys- 
tem, the  first  step  would  be  to  check  battery  specific  grav- 
ity. Then  the  battery  connections  and  cables  should  be 
:htcxed,  along  with  cranking  motor  switch. 

If  all  these  are  in  order,  remove  cover  band  and  inspect 
jrushes  and  commutator.  The  brushes  should  form  good 
contact  with  commutator  and  commutator  must  be  reason- 
ably clean  and  smooth.  If  it  is  not,  it  should  be  cleaned  or 
turned  down  in  a  lathe.  If  there  are  turned  bars  on  com- 
mutator, it  may  indicate  open-circuited  armature  coils  which 
will  prevent  proper  cranking. 

If  leads  have  been  thrown  out  of  armature  slots,  indication 
is  that  the  overrunning  clutch  caused  armature  to  spit  at 
excessive  speed  due  either  to  a  defective  clutch  or  to  the 
fact  that  the  operator  was  using  improper  starting  proce- 
dure. If  the  operator  opens  the  throttle  too  wide  on  initial 
starting,  or  keeps  starter  pedal  depressed  too  long  after 
the  starting  has  been  accomplished,  the  overrunning  clutch 
may  overheat  and  partially  bind  so  armature  is  spun  at  ex- 
cessive speeds.  In  addition  to  damaging  the  armature,  the 
overrunning  clutch  also  will  be  ruined  by  such  abuse.  Evi- 
dence of  excessive  overrunning  of  clutch  is  failing  of 
bearings,  depositing  of  bearing  material  on  armature  shaft, 
and  a  smooth  face  in  collar  on  side  closest  to  pinion. 

Tight,  dirty  and  worn  bearings,  bent  shaft  or  loose  pole 
shoe  screws  which  allow  armature  to  drag  will  reduce  ar- 
mature speed  or  prevent  armature  from  turning, 

If  brushes,  brush  spring  tension,  commutator,  etc.,  all  ap- 
pear in  good  condition,  it  will  be  necessary  to  remove  the 
crankinc  motor  for  further  tests. 


Ground  Connection*  of  Cranking  Motor* 

In  cases  where  recommended  two-wire  system  is  not  used 
on  cranking  motor  circuit,  ground  wire  should  go  directly 
from  positive  terminal  to  steel  frame  members  and  be 
grounded  as  shown  in  Fig.  13-1-7.  The  motor  mounting  sur- 
face should  not  be  used  for  ground  circuit  since  pads  on 
flywheel  housing  must  carry  this  current  to  the  frame,  and 
they  may  have  paint  or  other  highly  resistant  material  on 
them. 


type,  but  tests  have  proved  that  they  will  engage  also 
Dyer-type  ring  gears  without  damage  to  gear  teeth.  Tr 
due  to  the  type  of  engagement  action  peculiar  to  the  S 
Clutch  used  in  this  class  of  cranking  motors. 


Matching  Flywheel  Ring  Gears 
and  Cranking  Motors 

Figure  13-1-9  illustrates  the  importance  of  matching  drive 
pinion  and  flywheel  ring  gear  teeth  properly.  The  left  view 
shows  the  action  of  an  overrunning  clutch  or  Bendix  pinion 
as  it  engages  with  the  correct  type  of  ring  gear.  However, 
if  a  Dyer  drive  is  used  with  a  ring  gear  for  an  overrunning 
clutch  or  Bendix  drive  (center  view),  difficulty  is  likely  to 
be  encountered  in  engagement.  In  this  case,  when  the 
teeth  butt,  the  pinion  must  move  back  and  up  as  shown  by 
the  arrows  before  engagement  can  take  place.  It  must  be 
remembered-  that,  with  the  Dyer  drive  cranking  motor, 
pinion  movement  for  engagement  is  in  one  direction  while 
pinion  movement  during  cranking  is  in  opposite  direction. 

The  action  of  a  Dyer  drive  pinion  engaging  with  a  Dyer 
drive-type  ring  gear  after  teeth  butt  is  shown  at  the  right  in 
Fig,  13-1-9.  It  will  be  noted  that  the  chamfer  on  ring  gear 
teeth  used  in  connection  with  a  Dyer  drive  cranking  motor 
must  be  the  reverse  of  the  chamfer  on  a  ring  gear  used 
with  an  overrunning  clutch  or  Bendix  drive.  If  the  wrong 
type  of  gear  is  used,  repeated  attempts  will  be  required 
for  engagement,  and  burring  of  teeth  is  likely  to  occur.  The 
same  trouble  will  result  from  mismatching  pinion  and  ring 
gears  due  to  a  change  of  rotation  of  engine  or  of  cranking 
motor. 

There  is  one  exception  to  the  above  rule.  Delco-Remy  en- 
closed shift  lever  design  cranking  motor  with  Sprag  Clutch 
can  be  used  with  either  Bendix  or  Dyer-type  flywheel  ring 
gear.  Pinion  gears  on  these  cranking  motors  are  Bendix 


Batteries 

Battery  Specifications 

1.  The  batteries  listed. in  Table  13-1-2  are  the  minimum  ca 
ities  that  must  be  provided  to  crank  engines  at  mini 
engine    temperatures     expected.     Battery    capacities 
given  in  ampere-hours. 

2.  Minimum  battery  capacities  are  based  on  engines  wit 
externally  connected  parasitic  loads  (such  as  torque 
verters,  hydraulic  pumps,  etc.).  Any  parasitic  load  th 
coupled    during    cranking    must  be   determined    at    lo 
starting  temperature  so  an  equivalent  increase  can  be  r 
to  the  minimum  bvattery  caoacity.  Cable  circuit  resist 
must   not   exceed  limits.    Battery    cable    siz 
based  on  total  cable  length   (over  to  starter  and  bac 
battery). 


Minimum  Engine  Temperature 

This  temperature  refers  to  engine  temperature  rather 
the  lowest  night-time  temperature.  As  an  example,  dur 
night  when  the  temperature  drops  to  —  10°  F.  [—  23 
for  only  a  few  hours,  the  minimum  engine  temper 
would  probably  be  no  lower  than  0°  F.  [-  18°  C.].  Thi 
gine  and  battery  would  have  to  be  "cold  soaked"  wil 
shelter  at  -  10°  F.  [-  23°  C.]  for  6  to  10  hours  for  th< 
gine,  lubricating  oil  and  battery  to  reach  — 10°  F.  [- 
C.]. 
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Fig.  13-1-9.    Action  of  Dyer  drive-type  pinion  in  engaging  with  flywheel  teeth  if  different  chamfers 
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Table  13-1-2:  Minimum  Battery  Capacity  in  Ampere  Hours 


Cummins 

Engine 
Series 

Engine 
Displ. 
Cu.  In. 

Winter  Climate 
0°  F.  [-  18°  C.]  Minimum  Engine 
Temperature* 

Mild  Climate 
32°  F.  [0°  C.]  Minimum  Engine 
Temperature* 

12V.                    24V. 

12V.                   24V. 

C  Up  to  464  340  170  260  100 

400"  300'* 

""Minimum  engine  temperature"  is  the  temperature  of  the  engine  rather  than  the  lowest  night-time  temperature.  As  an  ex- 
ample, during  a  night  when  the  temperature  drops  to  — 10°F.  [— 23°C.]  for  only  a  few  hours,  the  minimum  engine  temper- 
ature would  probably  be  no  less  than  0°F.  [— 18°C.].  An  engine  and  battery  would  have  to  be  cold  soaked  with  no  shel- 
ter at  -  10°F.  [-  23°C.]  for  6-10  hours  for  the  engine  lubricating  oil  and  battery  to  reach  -  10°F.  [-  23°C.].  All  minimum 
capacities  for  batteries  are  based  upon  using  recommended  lubricating  oils  which  are  SAE  10W  for  winter 

climate  and  SAE  20  for  mild  and  warm  climates. 

""Minimum  capacity  shown  is  for  12-V  high  output  type  starters  only. 


Table  13-1-3:  Ampere  Hour  Capacity  Ratings  of  Battery  Systems 


System 
Voltage 


Battery  Connections 


24  Volt 


Two  — 12- Volt  Batt. 
in  series 


"Battery  AABM 
Group  Size 

Total  ampere  hour  system 

rating  at  the  indicated  voltage 

3H 

130 

260 

4H 

150 

300 

5D 

165 

330 

7D 

200 

400 

9D 

340 

680 

4D 

.     150 

300 

6D 

165 

330 

8G 

175 

8D 

200 

400 

Association  of  American  Battery  Manufacturers 


Lubricating  Oil 

All  minimum  capacities  for  batteries  are  based  upon  the 
use  of  SAE  10  lubricating  oil  for  winter  climate  and  SAE 
20  for  mild  and  warm  climates,  and  with  no  externally  con- 


nected parasitic  loads  such  as  torque  converters,  hydraulic 
pumps,  etc. 

Select  the  battery  system  from  Table  13-1-3  that  will  give 
the  required  ampere-hour  capacity  as  indicated  in  Table 
13-1-2.  In  most  cases  more  than  one  system  is  listed  in 


Table  13-1-3  that  will  meet  Table  13-1-2  requirements  so 
extra  consideration  can  be  given  to  space  requirements, 
ease  of  making  connections  and  costs. 


U.S.  6TN  and  U.S.  8T  Batteries 

For  temperatures  below  0°  F.  [-  18°  C.]  the  use  of  U.S. 
6TN  (100  AH  at  12  volts)  and  U.S.  8T  (200  AH  at  12  volts) 
is  recommended.  Also,  6TN  and  8T  batteries  may  be  used 
wherever  battery  size  and  weight  are  important  considera- 
tions. Because  of  their  plate  construction,  the  cranking 
ability  above  0°  F.  [-  18°  C.]  of  a  6TN  battery  is  approxi- 
mately equal  to  a  standard  150  AH  battery,  and  an  8T  bat- 
tery to  a  standard  300  AH  battery. 

Care  should  be  taken  when  these  batteries  are  used  to 
make  sure  the  ampere-hour  rating  is  sufficient  to  handle 
any  continuous  current  demand  when  the  generator  is  not 
charging.  Allowing  this  type  of  battery  to  be  completely 
discharged  repeatedly  will  reduce  its  service  life  materi- 
ally. 


not  be  connected  until  engine  has  begun  to 
should  again  be  disconnected  before  starting 
been  disengaged.  Both  voltage  and  current  read 
be  taken  simultaneously  approximately  two  se 
engine  has  begun  to  crank.  Since  high  current 
ing  cranking,  readings  should  be  taken  quickly 
ing  kept  to  a  minimum  to  avoid  cable  heating 
cranking  will  cause  calculated  resistance  to  be 

4.  Measure  the  voltage  from  negative  battery  po; 
spective  terminal  on  starting  motor  while  crank 
gine.  As  in  Step  3,  one  voltmeter  lead  should  r 
nected  until  after  the  engine  begins  to  crank 
again  be  disconnected  before  the  starting  moti 
gaged.  Voltmeter  and  ammeter  readings  shoul 
simultaneously  approximately  two  seconds  after 
begins  to  crank. 

5.  Calculate  total  cable  circuit  resistance  by  add 
voltmeter  readings  and  dividing  this  sum  by  the 
the  two  current  readings. 


Starter  Circuit  Resistance 
Measurement  Procedure 

Battery  circuit  resistance  can  be  determined  from  current 
and  voltage  measurements  taken  while  cranking  an  engine. 
Cable  resistance  equals  total  cable  circuit  voltage  drop 
divided  by  the  current  flowing. 

The  instruments  required  are  a  low-voltage  DC  voltmeter 
and  a  high-current  ammeter.  The  voltmeter  should  have  a 
scale  so  one  to  three  volts  can  be  read  accurately.  The 
voltmeter  should  have  long  leads  so  they  will  reach  from 
battery  to  starting  motor.  The  ammeter  should  have  a  scale 
so  500  to  1500  amperes  can  be  accurately  read.  High  cur- 
rents are  commonly  measured  by  using  a  calibrated  am- 
meter shunt  with  a  meter  to  sense  current  flowing  through 
the  shunt.  The  shunt  is  a  calibrated  resistance  capable  of 
carrying  high  currents.  The  meter  then  senses  current  flow- 
ing through  the  shunt  in  terms  of  amperes. 


Installations  Having  One  Battery  Location 

1.  Insert  ammeter  shunt  in  cable  circuit  so  total  starting  mo- 
tor current  passes  through  the  shunt.  The  length  of  added 
cable,  if  required  in  order  to  install  meter  shunt,  must  be 
kept   at   a  minimum.   All   connections  must  be   clean   and 
tight,  Figs.  13-1-1,  13-1-2  or  13-1-3. 

2.  Disconnect  wire   going  to   fuel   solenoid   valve   so   engine 
does  not  start  during  these  tests. 

3.  Measure  voltage  drop  from  positive  battery  post  to  its  re- 
spective post  on  starting  motor  while  cranking  engine.  To 
prevent  damage  to  voltmeter,  one  voltmeter  lead   should 


Maximum  Resistance  Limits 

Total  cable  resistance  should  not  exceed  th 
Table  13-1-1.  Since  cable  resistance  to  a  I 
limits  a  starting  motor's  cranking  performanc 
mum  torque,  it  is  quite  important  to  keep  cab 
within  the  published  resistance  limits  shown.  F 
tions  or  use  of  a  frame  ground  are  common  c 
cessive  circuit  resistance. 


U-2-1 


Generator- Unit  1305 


Generator 

The  shunt  generator  converts  mechanical  energy  to  e' 
trical  energy  and  supplies  current  for  electrical  equiprr 
by  replacing  electricity  consumed  from  the  battery. 

The  shunt  generator  requires  external  current  regulatioi 
the  form  of  a  current  regulator,  voltage  regulator,  and  i 
off  relay,  which  control  generator  output  under  all  ope 
ing  conditions. 


Cleaning 

san  the  generator  thoroughly  of  all  grease  and  dust. 
nS't  clean  armature  and  field  in  a  degreasing  tank,  as  ' 
damages  the  insulation. 


Commutator 

1.  If  the  commutator  is  dirty,  it  may  be  cleaned  with  a  s 
of  No.  00  sandpaper  held  against  it  with  a  piece  of  : 
wood  while  the  generator  is  operated.  Blow  out  dust.  Ne 
use   emery   ctoth    since   emery   may   imbed   and   wear 
brushes  rapidly. 

2.  If  the  commutator  is  rough,  out-of-round,  or  has  high  m 
it  must  be  turned  down  in  a  lathe  and  the  mica  under 


Lubrication 

1.  The  oil  reservoir  in   commutator  end  of  generator  she 
be  kept  filled  with   light  engine  oil  to  the  overflow   h 
This  usually  requires  the  addition  of  8/10  drops  of  oil  e\ 
200  hours. 

2.  Generators  with  grease  cups  should  have  the  grease  c 
turned  down  one  turn  every  200  hours.  Keep  grease  c 
filled  with  medium  cup  grease.  Do  not  lubricate  excess!' 
since  this  might  allow  oil  or  grease  to  get  on  the   c< 
mutator  where  it  would  gum  and  burn,  thus  reducing  g 
erator  output. 

3.  Under  normal  operating  conditions,  sealed  generators 
not  require  additional  lubrication  between  overhaul  peril 


Connections 

1.  Check  connections  and  wiring  in  generator-to-regulator 
battery  circuit.  Check  pulley  nut  to  be  sure  it  is  tight. 

2.  Make  sure  the  mounting  bolts  are  tight. 

3.  All  generator  installations  should  be  checked  carefull 


The  generator  mounting  pads  and  mounting  surfaces  of 
the  bracket  and  generator  frame  should  be  free  of  paint, 
oil,  grease  or  any  material  resistant  to  electric  current. 
To  further  complete  the  ground  circuit,  the  engine  should 
be  grounded  to  the  same  frame  member  used  to  ground 
the  battery  by  means  of  a  separate  metal  strap.  This  pro- 
cedure must  be  followed  on  third-brush-type  generators 
having  only  one  armature  terminal,  since  the  positive 
brushes  on  these  generators  are  grounded  to  the  generator 
frames. 


1.  Sticking  brushes,  low  brush  spring  tension,  or  other  condi- 
tion which   prevents   good   contact   between   brushes    and 
commutator. 

2.  Commutator  that   is   rough,   out-of-round,   dirty  or   burned. 
Dirt  in  slots  or  high  mica  also  cause  low  or  unsteady  out- 
put. With  these  conditions,  commutator  should   be  turned 
down   in   a  lathe   and   mica  undercut  for  carbon    brushes. 
Burned  bars,  of  course,  indicate  an  open-circuH  armature 
and  corrections  outlined  above  should  be  made. 


Checking  and  Adjusting  Output 

The  output  of  the  shunt  generator  is  dependent  upon  the 
setting  of  the  current  regulator. 

Normally,  if  the  generator  is  checked  with  an  accurate  am- 
meter and  a  fully  charged  battery  is  in  the  circuit,  the  prop- 
er voltage  will  be  developed.  Never  set  output  above  spec- 
ified setting  as  this  will  result  in  generator  failure. 


Noisy  Generator 

This  condition  may  be  caused  by  loose  mounting  or  drive 
coupling.  Worn  or  dirty  bearings  may  also  cause  noise. 
Brushes  improperly  seated  may  cause  noise  that  can  be 
eliminated  by  properly  seating  them  with  a  brush-seating 
stone.  A  bent  brush  holder  may  cause  noise  and  requires 
replacement  as  it  is  difficult  to  properly  realign  a  holder. 


Checking  Inoperative  Generator 

If  generator  is  not  performing  according  to  specifications 
and  the  tests  outlined  in  the  section  on  regulators  have  dis- 
closed that  the  generator  is  definitely  at  fault,  it  may  be 
checked  as  follows  to  determine  location  of  trouble  in 
generator. 


No  Output 

When  no  output  can  be  obtained  from  generator,  remove 
cover  band  and  check  for  sticking  brushes,  gummed  or 
burned  commutator  or  other  causes  of  poor  contact  be- 
tween commutator  and  brushes.  If  cause  of  trouble  is  not 
readilv  apparent,  remove  Generator  from  enaine 

for 
further  tests  and  repairs. 


Excessive  Generator  Output 

Excessive  generator  output  is  usually  due  to  either  (a)  a 
grounded  field  circuit  or  (b)  a  shorted  field.  Check  terminal 
insulation  and,  if  trouble  cannot  be  corrected  1  .Remove 
generator     from    engine    f()r   further    tegts 

repairs. 


Unsteady  or  Low  Output 

This  condition  may  result  in  any  generator  from: 


Polarizing  the  Generator 

1.  Battery-charging  DC  generators  must  be  polarized  prior  to 
starting  an  engine  to  prevent  major  damage  to  the  elec- 
trical system.  Normally,  polarization  is  performed  when: 

a.  The  generator  has  not  been  polarized  before. 

b.  Generator  is  removed  from  the  engine  to  be  repaired  and 
then  reinstalled. 

c.  The  generator  is  used  on  a  negative  ground  system    and 
polarized   for   use   on    a   positive   ground    system,    or   vice 


2.  Polarization  can  be  checked  or  performed  as  follows: 

a.  Insulate  one  brush  from  commutator  of  generator. 

b.  Disconnect  lead  from  FIELD  terminal  of  regulator. 

c.  Momentarily  touch   FIELD   lead   to    BATTERY   terminal    on 
regulator.  If  there  is  a  small  spark,  reconnect  FIELD   lead 
to  regulator  and  remove  insulation  from  between  brush  and 
commutator.  The  generator  is  now  polarized. 

d.  If  there  is  no  spark,  reconnect  FIELD  lead  to  regulator  and 
proceed  to  Step  E. 

Caution:  Never  operate  generator  with  field  circuits  con- 
nected and  "A"  terminal  lead  disconnected  (open-circuit 
operation),  since  this  would  allow  a  high  voltage  to  build 
up  within  generator  which  would  damage  fields  and 
armature. 

e.  Momentarily  connect  an  external  jumper  between  the  BAT- 
TERY and  ARMATURE  terminals  of  regulator.  The  genera- 
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Figure  13-2-1.  Generator,  exploded  view. 


tor  is  now  polarized, 
f.  Remove  insulation  from  between  brush  and  commutator. 

Regulator  Controls 

Three  separate  magnetic  switches  must  be  used  with  shunt 
generator  to  provide  complete  control  at  all  times.  These 
are  (1)  cut-out  relay,  (2)  voltage  regulator  and  (3)  current 
regulator. 


Cut-Out  Relay 

1.  The   cut-out   relay   closes    circuit   between    generator   and 
battery  when  generator  voltage  has  built  up  to  a  value  suf- 
ficient to  force  a  charge  into  battery. 

2.  The  cut-out  relay  opens  circuit  when  generator  slows   or 
stops  and   current  begins  to  flow  back  from  battery   into 
generator. 

3.  The  basic  wiring   diagram   for  a  one-terminal,  third-brush 
current-controlled   generator  used  with   a   cut-out   relay  is 
shown  in  Fig.  13-2-2.  Equipment  that  requires  low  generator 
output,  such   as  shovels  and   power  units,  will  sometimes 
have  this  type  of  generator  and  cut-out  relay. 

4.  This  type  of  equipment  will  give  satisfactory  service  pro- 
vided   the    G-r-  B-f-    terminal    in    the    relay    is    properly 
grounded  to  the  same  frame  member  used  to  ground  bat- 
tery, as  shown  in  Fig.  13-2-2,  and  provided  the  generator 
is  used  only  for  battery  charging. 


Voltage  Regulator 

1.  The  voltage  regulator  prevents  line  voltage  from  exceeding 
a  predetermined  value  and  thus  protects  battery  and  other 
electrical  units  in  system  from  high  voltage. 

2.  One  characteristic  of  batteries  is  that,  as  either  the  specific 
gravity  or  the  charging  rate  increases,  other  conditions  be- 
ing the  same,  battery  terminal  voltage  increases.  If  terminal 
voltage  is  held  constant  as  battery  comes   up  to  charge 
(specific  gravity  increases),  charging  rate  will  be  reduced. 
The  voltage  regulator  performs  this  job  of  holding  voltage 
constant,  and  it  consequently  protects  the  electrical  system 
from  high  voltage  and  the  battery  from  overcharge. 


Current  Regulator 

The   current   regulator   limits    generator   output   to    a   safe 


Fig.  13-2-2.    Basic  generator  wiring  diagram  cut-out  relay  N1 
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Fig.  13-2-3.    Basic 


generator  wiring  diagram  N 


Fig.   13-2-4. 

regulator  wiring  circuit 


ilue.  It  is,  in  effect,  a  current-limiting  device  that  operates 
len  generator  output  has  increased  to  its  safe  maximum 
id  prevents  generator  from  exceeding  this  value. 


and  a  discharge  through  the  generator  when  engine  is 
stopped,  eventually  burning  up  generator  and  regulator.  To 
overcome  this  condition,  it  will  be  necessary  to  increase 
engine  idling  speed  until  ammeter  remains  almost  con- 
stant. Ammeter  movement  may  indicate  a  loose  connection. 


egulator  Operating  Voltages 

egulators  are  factory  adjusted  according  to  the  system  in 
hich  they  work. 


TESTS,   REPAIRS,    AND  ADJUSTMENTS 

Complete  instructions  for   testing, 
repairing,   and  adjusting  electrical 
equipment  will  be  found  in  TM  5- 


urrent  and  Voltage  Regulator  Connections 

he  basic  diagram  for  Leece-Neville  equipment,  shown  in 
ig.  13-2-4,  includes  connection  of  the  so-called  "universal" 
sgulator.  For  satisfactory  operation,  steel  base  of  regulator 
lust  be  grounded  as  shown  because  these  regulators  have 
mail  doughnut-type  rubber  shock  mounts  bonded  to  the 
ase  and  depend  entirely  on  this  ground  strap  and  cap- 
srews  to  ground  unit. 

/ires  shown  as  "A"  and  "B"  in  Fig.  13-2-3  indicate  alter- 
ate  connections  necessary  for  recommended  two-wire 
/stem. 

ome  large  voltage  regulation  control  units  have  cast  alu- 
unum  bases  and  covers.  These  units  are  not  grounded 
Trough  their  bases,  but  by  separate  wires  from  insulated 
srminals.  This  would  be  indicated  on  the  unit  wiring 
iagram. 


ienerator  Cut-in 


I  is  advisable  to  check  cut-in  point  of  generator  regulator 
t  idling  speed.  On  engines  equipped  with  low  cut-in-type 
ienerator  regulator,  ammeter  will  indicate  some  value  of 
harging  when  electric  load  is  off.  On  other  generator 
egulator  systems,  ammeter  will  read  "O".  In  either  case, 
mmeter  will  remain  steady.  Erratic  movement  of  ammeter 
idicates  that  the  regulator  relay  is  cutting  in  and  out  fre- 
[uently  and  this  will  cause  an  electric  arc  at  these  connec- 
ions.  If  arcing  continues,  points  will  eventually  weld  to- 
lether,  which  will  leave  circuit  closed  at  all  times.  This 
/ill  cause  an  overcharge  into  the  battery  during  operation 


Engine  Assembly 
Group 


The  engine  assembly  section  covers  assembly  of  all  ui 
and  subassemblies  to  the  cylinder  block  as  well  as  adji 
ments  prior  to  engine  testing. 


Assembly— All  Units 


Mount  Cylinder  Block  To  Engine  Stand 

Mount  (uel   pump   side   of  block  to  Engine   Sta 

using  Adapter    Plrdc 


Engine  assembly,  as  described  in  this  manual,  is  with  the 
assumption  that  all  units  have  been  rebuilt  or  are  new  and 
are  ready  to  be  assembled.  During  assembly  operations,  it 
is  important  to  closely  inspect  each  unit  to  make  sure  no- 
thing has  been  overlooked  during  rebuilding.  Plugs  should 
be  checked  for  tightness,  parts  kept  clean,  openings  cov- 
ered, machined  surfaces  protected  and  all  parts  brought  to 
the  assembly  area  to  save  time  and  unnecessary  labor. 

Application  of  any  type  of  lubricant  should  be  performed 
from  covered  containers  and  with  clean  fingers  (if  so  ap- 
plied) to  prevent  "building  dirt  into  the  engine".  The  engine 
owner  and  the  operator  have  every  right  to  expect  good 
service  from  their  rebuilt  engine. 

Many  operations  described  in  the  following  instructions  ap- 
ply to  engines  which  have  been  in  service  for  several  years; 
therefore,  review  each  operation  and  make  sure  it  applies 
directly  to  the  engine  that  is  being  assembled.  Likewise, 
deviating  from  certain  assembly  procedures  (as  sot  forth  in 
this  group)  may  be  necessary  for  convenience.  If  so,  simply 
locate  the  particular  assembly  step  and  follow  the  instruc- 
tions indicated.  As  an  example,  some  locations  prefer  to 
install  cylinder  liners  before  the  crankshaft. 


Measurements  And  Torque  Values 

All  measurements  and  torque  values  are  given  in  both  U.S. 
and  metric  units.  Metric  units  are  enclosed  in  brackets  [] 
to  make  them  stand  out  and  prevent  improper  usage. 


Note:  If  cylinder  liner-to-block  clearance  has  not  bi 
checked  according  to  instructions  in  Cylinder  Block  Gr< 
1,  the  cylinder  liners  must  be  installed  at  this  time  i 
liner-to-block  clearance  should  be  checked.  However 
liner-to-block  clearance  has  been  checked,  follow  assem 
procedures  beginning  with  installation  of  crankshaft. 


Crankshaft  And  Main  Bearing  Shells 

1.  Turn  cylinder  block  upside  down. 

2.  Make  sure  that  crankshaft,  main  bearing  shells,  main  be 
ing  bores,  oil   passages,  etc.,  have  been  cleaned  and 
spected  and  that  pipe  plugs  are  installed  tightly  in  era 
shaft. 

3.  If  not  previously  performed,  check  main  bearing  bore  ; 
alignment.  See  Cylinder  Block,  Group  1. 

4.  Clean  main  bearing  caps  and  capscrew  holes;  be  sure 
liquid  and  foreign  particles  are  removed. 

6.  Lay  upper  main  bearing  shells  in  block  bores,  engag 
locking  tangs  with  recesses  in  block  bores,  Fig.  14- 
Index  drilled  oil  passage  holes  in  block  and  shells. 

6.  Coat    crankshaft    surface    of    upper    main    bearing    sh 
thoroughly  with  Lubriplate  or  equivalent  hi 
pressure  grease. 

Note:  The   use  of   clean   lubricant  throughout  the   enc 
cannot  be  over-emphasized;  built-in  dirt  soon  causes 
gine  failure. 

7.  Lift  crankshaft  over  cylinder  block,  using  a  rope  slinc 
hooks  protected  with   rubber  hose;  lower  crankshaft  c; 
fully  into  place,  Fig.  14-1-2. 

8.  Check  rear  web  of  crankshaft  to  determine  whether  o 
size  thrust  rings  are  to  be  used.  Roll  upper  thrust  rings 


Fig.   14-1-1.     Installing  upper  main  bearing  shells 
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Fig.   14-1-2.     Installing   crankshaft 
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Caution:  Solid  lower  shells  should  not  be  used  where  con- 
tinuous-groove shells  have  been  used  and  crankshaft  has 
not  been  reground. 

10.  Position  lower  thrust  rings  over  dowels  on  No.  7  main  bear- 
ing cap  (1,  Fig.  14-1-3)   (No.  5  on   four-cylinder  engines); 
install  main  bearing  caps  with  numbers  (corresponding  to 
upper  main  bearings)  toward  camshaft  (fuel  pump)  side  of 
block. 

Note:  Main  bearing  caps  are  not  interchangeable. 

11.  Lubricate  main  bearing  capscrew  threads  with  clean  lubri- 
cating oil;  install  new  lockplates  on  capscrews. 

12.  Place  main   bearing   capscrews   in    position;   tighten   alter- 
nately and  slowly  to  seat  caps  in  position. 

Caution:  Driving  main  bearing  caps  into  position   may  jar 
lower  main  bearing  shells  out  of  position. 


position,  being  certain  that  babbit  or  grooved  sides  are  fac- 
ing crankshaft  flanges. 

Caution:  Worn  or  reground  crankshafts  may  require  over- 
size (thicker)  thrust  rings.  If  crankshaft  is  not  so  stamped, 
check  end  clearance  as  described  in  later  paragraphs;  then 
install  and  mark  crankshaft  as  necessary.  Both  upper  and 
lower  thrust  rings  must  be  same  size,  STD.,  0.010  or  0.020 
in.  [0.2540  or  0.5080  mm]. 

Note:  Upper  thrust  rings  are  not  doweled  to  block;  doweled 
lower  rings  (to  main  bearing  cap)  prevent  upper  rings  from 
turning. 

Coat  lower  main  bearing  shells  (crankshaft  surface)  with 
Lubriplate,  or  equivalent  high-pressure  grease; 

snap  lower  main  bearing  shells  into  place  over  crankshaft. 
Lower  main  bearing  shells  are  plain  with  no  grooves  or  oil 
passage  holes. 


Fig.   14-1-3.    Main  bearing  cap  with   thrust   ring   in   place 
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Template  Method  Of  Tightening  Main  Bearing  Capscrews 

1.  Tighten  main  bearing  capscrews  alternately  to  65/75  ft.'lbs. 
[8.9895/10.3425  kg   m]   to   set  shells,  caps   and    lockplates; 
then  advance  to  140/150  ft.  Ibs.  [19.3620/20.7450  kg  m].  Fig. 
14-1-4. 

2.  Loosen  all  capscrews  completely;  tighten  to  45/50  ft.   tbs. 
[6.2235/6.9150  kg   m]    and    scribe    each    capscrew    head    to 
coincide  with  permanent  mark  on  cap,  or  scribe  each  cap 
in  line  with  capscrew  hex  corner. 

3.  Advance  each  capscrew  60°   (one  hex)   from   position   de- 
scribed  in   Step  2;   this   will   align   scribed    mark    (or   next 
corner  of  capscrew)  with  mark  on  main  bearing  cap. 

Caution:  Tighten  capscrews  on  each  side  of  cap  a  little  at 
a  time  and  as  evenly  as  possible  until  proper  positions  are 
reached.  Never  use  lead  ribbon  or  feeler  gauge  to  check 
main  bearing  clearance.  Doing  so  may  result  in  unnecessary 
damage  to  main  bearing  shells. 


Main  Bearing  Shell  Replacement  With  Crankshaft 
In  Place 

If  the  crankshaft  has  not  been  removed  from  the  engine,  it 
is  possible  to  install  new  main  bearing  shells  in  the  follow- 
ing manner: 

1.  Remove  one  main  bearing  cap  and  lower  shell;  turn  crank- 
shaft until  drilled  hole. in  main  bearing  journal  is  visible. 

2.  Insert  a  7/32  in.  [5.5562  mm]  by  1/2  in.  (12.7000  mm]  pin 
with  a  head  3/32  in.  [2.3812  mm]  thick  into  drilled  hole  of 
crankshaft;  turn  crankshaft  so  pin  pushes  against  shell  on 
opposite  side  of  locking  tang.  Shell  will  turn  out  as  crank- 
shaft is  rotated. 

3.  Carefully  remove  all  metal  and/or  foreign  material  from  oil 
passages  in  crankshaft  and  cylinder  block. 

4.  Lubricate  the  shell  to  be  installed;  then  lay  shell  in  proper 
position  on  crankshaft  journal  so  turning  the  crankshaft  will 
seat  the  shell  locking  tang  into  recess  in  block. 

5.  Use    pin    and    turn    shell    into    position;    remove    pin. 

6.  Replace   lower   srjell,   making  sure   locking  tang  seats   in 
recess  of  main  bearing  cap, 

7.  Install  new  lockplates  and  position  cap  against  crankshaft; 
use   template    method    to   tighten   capscrews.   Make    sure 
crankshaft  turns  freely. 

8.  If  necessary,  replace  remaining  shells  one  pair  at  a  time 
in  the  same  manner.  If  bearing  shells  have  had  consider- 
able service,  it  is  recommended  that  all  shells  be  replaced 
to  assure  that  the  0.002  in.  [0.0508  mm]  maximum  variation 
in  oil  clearance  between  adjacent  main  bearing  shells  and 
journals  is  not  exceeded. 


Check  Crankshaft  End  Clearance 

1.  Attach  dial  indicator  securely  to  rear  of  block  with  contact 
point  of  gauge  resting  against  crankshaft  flange  end  face. 

2.  Using  a  small  bar  (or  equivalent),  pry  crankshaft  toward 
front  of  block;  remove  bar  and  set  gauge  at  "O", 

3.  Pry  crankshaft  toward   rear  of  block,  Fig.  14-1-5;  remove 
pry  bar  and   read  gauge,  Total  gauge  reading  should  be 
0.004/0.015  in.  [0.1016/0.3810  mm]  with  new  (or  rebuilt)  crank- 
shaft and  new  thrust  rings. 

4.  If  reading  is  less  than  0.004  in.  [0.1016  mm]: 

a.  Shift  gauge  away  from  crankshaft. 

b.  Loosen  main  bearing  capscrews  slightly, 

c.  Shift  crankshaft  first  toward  front  and  than  toward  rear  of 
block  in  order  to  properly,  position  main  bearing  caps. 

d.  Tighten  capscrews,  using  template  method. 

e.  Recheck  end  clearance  (Steps  1,  2  and  3). 

5.  When  end  clearance  exceeds  0.022  In.  [0,5688  mm],  new 


Fig.   14-1-4.    Torquing   main   bearing  capscrews 


Fig.  14-1-6.    Checking  crankshaft  end  play 


thrust  rings  and/or  crankshaft  must  be  installed. 

6.  Lock    main    bearing    capscrews    by    bending    lockpls 
against  sides  of  capscrew  heads. 

7.  Turn  crankshaft  to  be  sure  it  turns  freely;  if  it  binds, 
move  crankshaft  and  recheck  for  dirt  in  shells  and  bore. 

Caution;  Never  rtam  or  scrape  main  bearing  shell*. 


One-Piece  Rear  Cover 

1.  Coat  rear  cover  seal  with  clean  lubricating  oil. 

2.  Install  seal  into  rear  cover: 

a.  Use  a  flat  plate,  larger  than  outside  diameter  of  seal. 


.ay  rear  cover  on  arbor  press  table,  mounting  face  down. 

'ress  seal  ("open"  side  down)  into  cover  until  rear  of  seal 
s  flush  with  rear  of  cover. 

.ubricate  cavity  between  oil  seal  lips  with  clean  lubricat- 
ng  oil. 

3lean  the  crankshaft  chamfer  outside  diameter.  A  burr  on 
he  chamfer  would  cut  the  seal  and  cause  a  leak. 

3osition  a  new  cover-to-cylinder  block  gasket  onto  cylin- 
Jer  block  with  gasket  adhesive. 

Utach  Rear    Seal    Pilot    Tool    (1,    Fig.    14-1-6)    to 

:rankshaft;  slide  rear  cover  and   seal   assembly   into  posi- 
ion  over  tool. 


ig.   14-1-6.     Installing   rear  cover 


nstall  lockwashers  and  capscrews  to  secure  cover  to  cyl- 
nder  block;  screw  in  until  finger  tight. 

Shift  cover  until  oil  pan  surface  of  cover  is  flush  with  oil 
>an  surface  of  cylinder  block,  Fig.  14-"t-7. 

"o  check  rear  cover  alignment,  mount  indicator  on  crank- 
haft  end  with  point  of  indicator  on  machined  surface  of 
ear  cover  trunnion  (1,  Fig.  14-1-7).  Rotate  crankshaft  and 
:heck  alignment;  total  indicator  runout  must  not  exceed 
LOOS  in.  [0.1270  mm]. 

"ighten  mounting  capscrews  to  20/25  ft.  Ib.  [2.7660/3.4575 
g  m]. 


Fig.   14-1-7.    Checking  cover-to-block   alignment 
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2.  Hook   spring    from   oil    seal    around    crankshaft    rear   cover 
journal  with  needle-nose  pliers.  Do  not  stretch  spring. 

3.  Apply  clean  lubricating  oil  to  seal  area  of  crankshaft  and 
oil  seal. 

4.  Assemble  oil  seal  to  crankshaft  with  lip  side   (grooved  or 
spring  side)  toward  block  and  "split"  toward  top  of  block. 

5.  Roll  spring  into  position  inside  oil  seal  groove. 

6.  Make  sure  seal   lip  has   no   cuts   or  creases  which   would 
prevent  sealing. 

7.  Cement  new  gaskets  to  joining  surfaces  of  upper  half  of 
rear  cover  with  gasket  adhesive. 

8.  Cement  a  new  gasket  to  block  with  gasket  adhesive. 

9.  Install  lower  half  of  rear  cover;  snug-tighten  capscrews  to 
keep  cover  from  slipping. 

10.  Check  alignment  of  milled  surface  of  bottom  of  lower  half 
with   bottom   surface  of  block.  Clearance  between   crank- 
shaft and  rear  cover  with  crankshaft  in  extreme  rear  posi- 
tion should  be  0.004/0.006  in.  [0.1016/0.1524  mm].  Install  ad- 
ditional gaskets  as  required  to  obtain  clearance. 

11.  Assemble  and  tighten  upper  and  lower  rear  cover  halves 
together  with  two  dowel-fit  bolts,  lockwashers  and  nuts. 

12.  Repeat  straight-edge  check  to  be  sure  bottom  surfaces  of 
cover  and  block  are  in  alignment. 


Cylinder  Liners 


'wo-Piece  Rear  Cover 

ilean  crankshaft  thoroughly  with   crocus   cloth   to   smooth 
ough  surfaces  in  seal  area.  Wipe  with  clean   cloth. 


1.  Check  liner  counterbore  depth   in   cylinder  block   at  four 
equidistant  points,  using  Gauge  Block,  Fig.  14-1-8; 
"zero"  indicator  before  taking  measurements. 

2.  Measure  thickness  of  cylinder  liner  flange,  outside  of  bead, 


[0.0381  mm]  clearance  is  not  present,  mark  binding  sp 
with  chalk;  remove  liner  and  scrape  counterbore  at  poin 
of  binding  until  proper  clearance  is  attained. 


Fig.    14-1-8.     Checking   cylinder   liner   counlerbore 
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Table  14-1-1: 

Cylinder  Liner  Counterbore 

Shims 

Par!  No. 

Thickness 

Thickness 

C 

In. 

[mm] 

124107 

0.0063/0.0077 

[0.1600/0.1955] 

124108 

0.0072/0.0088 

[0.1828/0.2235] 

124109 

0.0081/0.0099 

[0.2057/0.2514] 

124110 

0.018/0.022 

[0.4572/0.5588] 

124111 

0.028/0.034 

[0.7112/0.86361 

Fig.   14-1-9.     Measuring   thickness  of   cylinder   linet   flange 


M70104 


Fig.  14-1-9.  Subtract  counterbore  depth  from  liner  flange 
thickness  to  determine  amount  of  shim  thickness  required 
to  provide  correct  liner  protrusion  above  block. 

Note:  Another  method  of  determining  liner  protrusion  is  to 
install  liner  in  block  and  measure  amount  of  protrusion 
(outside  of  bead)  with  Gauge  Block. 

3.  Installed     cylinder     liners    must     protrude     0.004/0.006     in. 
[0.1016/0.1524  mm]   above  block;  refer  to  Table   14-1-1   for 
required  shim(s). 

4.  If   non-press-fit    liners    are   being    used    (J    engines    only), 
check  as  follows: 

a.  Install  liners  without  packing  rings. 

b.  Pass  a  0.0015  in.  [0.0381  mm]  feeler  gauge  around  the  entire 
circumference  between  liner  flange  and  block.  If  0.0015  in. 


5.  After  determining   number  and  thickness  of  shims,  inst; 
them  on  liner  so  they  seat  at  liner  flange. 

6.  Using    clean    lubricating   oil,   lubricate    surface    of   cylind 
block   where   packing    rings   and   crevice    seals   will    sec 
wipe  off  excess  oil  with  clean  cloth. 

7.  Lubricate,  with  clean  lubricating  oil,  those  surfaces  on  tl 
cylinder  liner  where    packing   rings    and    crevice    seal   w 
be  located;  wipe  off  excess  oil  with  clean  cloth. 

8.  Assemble  liner  packing  rings  and  crevice  seal  on  cylind 
liner  in  the  following  manner: 

a.  Be  certain  that  the  correct  packing  rings  and  crevice  se 
are  selected.  (C-engine  cylinder  liner  packing  rings  a 
identifiable  by  a  green  dot;  this  liner  also  takes  one  ere 
ice  seal 


b.  Lubricate  all  packing  rings  and  crevice  seals  (if  used)  wi 
clean  lubricating  oil;  wipe  off  excess  oil  with  clean  cloth 

Caution:  Never  use  white  lead  for  lubricating  parts.  Whi 
lead  will  harden  and  make  cleaning  difficult  during  next  ei 
gine  disassembly. 

c.  With  liner  in  an  upside-down  position  (skirt  end  up),  si 
crevice  seal  (if  used)  onto  liner  and  seat  in  wide  groov 
Fig.  14-1-10. 

d.  Roll  packing  rings  into  position  on  liner;  using  mold  mar 
on    rings    as    guides,    straighten    as    required    if    rings    a 
twisted. 

9.  Lower  the  liner  into  block  bore;  when  packing  rings  co 
tact  ring-seating  bore  in  block,  work  liner  carefully  in 
downward,  circular  motion  until  liner  is  seated  snugly. 

10.  Using  Liner  Driver  (1,  Fig.  14-1-11)  and  light  hai 
mer,  drive  liner  remainder  of  distance;  when  liner  is  seat' 
firmly,  tap  driver  tool  lightly  to  prevent  liner  from  bounci 
up  again. 

11.  Check   liner  bore  for   roundness  at  several   points   with 


r  •,    U  '  V'1     installing  device  seal 
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Fig.   14-1-12.    Checking  cylinder  liner  bore 
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Fig.   14-1-11.    Installing  liner 


with 


Linei  Driver 
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Fig.   14-1-13.    Checking  cylinder   liner  protrusion 
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range  of  piston  travel. 

a.  Check  with  a  precision  dial  bore  gauge,  Fig.  14-1-12. 

b.  If  liner  is  more  than  0.0015  in.  [0.0381  mm]  out-of-round  in 
packing  ring  area,  remove  liner  and  check  for  binding  con- 
dition which  would  cause  distortion  of  liner  bore. 

c.  A  total  of  0.003  in.  [0.0762  mm]  out-of-round  at  the  top  one 
in.  [25.4000  mm]  of  liner  bore  is  permissible  if  liner  is  press- 
fit  type. 

d.  If  more  than  0.004  in.  [0.1016  mm]  out-of-round  and  liner 
contacts  block  at  packing  ring  bore,  counterbore  is  out  of 
flat.  See  Cylinder  Block  Group  1. 

12.  Check  liner  protrusion  at  four  equidistant  points  with  ST- 
547  Gauge  Block,  Fig.  14-1-13,  to  be  certain  that  liner  pro- 
trusion is  within  0.004/0.006  in.  [0.1016/0.1524  mm].  Measure 
outside  of  bead. 


Note:  On  new  liners,  lubrite  finish  may  increase  readings 
slightly.  Take  readings  at  60=/75°  F.  [16°/29°  C.].  See  Group 
16  "Wear  Limits" 


Installing  Two-Valve  J-Engine  Pistons  in  Lin«r» 
From  Bottom 

If  Piston  Ring  Compressor  is  not  available,  piston 

and  connecting  rod  assemblies  (See  PISTONS  AND- CON- 
NECTING RODS)  must  be  installed  at  skirt  end  (bottom) 
of  liner  after  liner  bore  is  checked. 

1.  Lubricate  pistons,  rings  and  liner  bore  with  clean  lubricat- 
ing oil  before  assembling. 

2.  Be  certain  that  piston  rings  are  in  proper  position  («pacad 


so  gaps  are  not  in  line). 

3.  Using  the  standard  Piston  Ring  Compressor,  install 
piston  and  rod  assemblies  into  skirt  end  of  liners. 

4.  Install  liner-piston-rod  assemblies  into  block  bores  in  the 
same   manner  as  liner  installation  without  piston   and  rod 
assemblies   (liner  bore  cannot  be  checked  after  installa- 
tion). Liner  valve  recesses  must  be  aligned  longitudinally 
on  center  line  of  block;  numbered  side  of  rod  must  face 
camshaft  side  of  block. 


Pistons,  Rings  And  Connecting  Rods 

1.  Check  all  pistons  (for  any  one  engine)  to  make  sure  they 
are  the  same  part  number,  or  are  compatible  as  a  set  when 
different   part   numbers   are   used.   Refer  to   engine    parts 
catalog. 

2.  Check  all  connecting  rods  and  caps  to  be  certain  they  are 
properly  stamped  and  mated. 

3.  Check    weight   of    all    connecting   rods.   Actual   weight   of 
each     rod    assembly    (which    includes    bushings,    bearing 
shells,  bolts,  nuts  and  lockplates)  must  not  vary  more  than 
.03  Ib.  [0.0136  kg]  among  all  assemblies  in  any  one  engine. 

4.  Heat  aluminum  piston  in  boiling  water  and  push  piston  pin 
through    piston   and   connecting   rod   before   piston   cools, 
Fig.  14-1-14. 

Caution:  Never  drive  piston  pin  into  piston,  as  this  may 
distort  piston  enough  to  cause  seizure  in  liner.  Do  not 
overheat  pistons  (220°  F.  [104°  C.]  maximum). 

5.  Secure  piston  pin  at  each  end  with  snap  rings;  snap  rings 
must  be  seated  in  grooves  of  piston. 

6.  Check    side   clearance  of  rod   (piston   pin  end)   to  piston 
boss  with  feeler  gauge;  clearance  must  be  0.040/0.050  in. 
[1.0160/1.2700  mm]. 


7.  Before  installing  rings  on  pistons,  lubricate  rings  and 
tons  with  clean  lubricating  oil. 


8.  Install  piston  rings,  using 


Rinq  Expander 

Fig.  14-1 


9.  All  rings  must  be  installed  with  the  word  "Top"  toward 
of  piston.  Compression  rings  are  placed  in  upper  groo 
usually  the  top  ring  is  chrome  plated;  oil  rings  (which 
be  multiple-piece  assemblies)  are  placed  in  lower  groi 

10.  Stagger  ring  gaps  so  they  are  not  in  line  with  each  o 
or  with  piston  pin  holes  in  pistons. 

Caution:  Never  use  chrome-plated  rings  in  chrome-pis 
cylinder  liners. 

11.  Remove  "U"  bolts  and  cap  from  one  connecting  rod 
sembly,  THESE  PARTS  ARE  NOT  INTERCHANGEABl 

12.  Turn  engine  to  vertical  position  on  engine   stand;   ro 
crankshaft  until  any  two  crank  throws  are  at  bottom-ce 
position. 


13.  Compress  piston  rings  with 


Ring  Compressor 


14.  Match  cylinder  number  stamped  on  rod  with   cylinde 
block;  locate  stamped  number  on  rod  toward  camshaft 
of  engine.  Install  rod  and  piston  usbembly  into  linei  by 
ping  top  of  piston  with  wooden  narrmiu!  handle  until  pi 
rings  have  cleared  ring  compressor,  Fig.  14-1-16. 

Caution:  Do  not  turn  piston  in  liner.  Support  connec 
rod  to  prevent  scratching  or  marring  liner  bore.  If 
breakage  is  suspected,  remove  assembly  from  liner 
check  rings  carefully. 

15.  Moving  to  bottom  of  block,  grasp  connecting  rod  and 
to  within  a  short  distance  of  crankshaft  (for  bearing 
clearance). 


Fig.  14-1-14.    Installing  pin  in  pitton  and  rod 
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Fig.  14-1-16.    Installing  piiton  ting* 


14-1-16.     Installing   piston   and   rod   assemblies 
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Fig.   14-1-18.    Torquing   connecting   rod   "U"   bolt  nuts 
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.ubricate  crankshaft  contact  surface  of  upper  bearing  shell 
rfith  a  thin  coat  of  Lubriplate, 

5!ide  shell  into  position  between  crankshaft  journal  and 
od;  be  sure  that  shell  locking  tang  makes  firm  contact 
^ith  recess  in  connecting  rod. 

Jiace  lower  bearing  shell  in  connecting  rod  cap  and  lubri- 
:ate  shell  with  Lubriplate,  Be  sure  that  the 

hell  locking  tang  is  seated  in  milled  recess  in  cap.  Cyl- 
nder  numbers  on  rod  and  cap  must  be  on  same  side  and 
nust  match  (1  to  1,  2  to  2,  etc.).  Install  "U"  bolts  on  rod; 
nstall  cap  to  rod  over  crankshaft  journal,  Fig.  14-1-17;  lub- 
icate  bolts,  nuts  and  iockplates  and  assemble. 

fighten  front  (of  engine)  "U"-bolt  nuts,  then  rear  "U"-bolt 
luts  to  15/20  ft.  Ibs.  [2.0745/2.7660  kg  m],  Fig.  14-1-18. 

3ar  crankshaft  around  after  each  piston  and  rod  assembly 


ig.  14-1-17.    Installing  connecting  rod  cap 
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is  installed  to  see  if  assembly  is  binding.  After  each  piston 
and  rod  assembly  is  installed,  a  little  more  effort  will  be 
required  to  turn  crankshaft;  however,  if  one  assembly 
causes  an  unusual  binding,  it  indicates  an  out-of-round 
liner  (probably  caused  by  a  misplaced  liner  packing  ring) 
or  an  incorrect  or  misplaced  piston  ring. 

21.  Assemble  and  install  each  piston  and  rod  assembly  in  fore- 
going manner;  then: 

a.  Tighten  each  nut  (first  front,  then  rear)  to  30  ft.  Ibs.  [4.1490 
kg  m]. 

b.  Loosen  all  nuts  and  repeat  steps  19  and  21 -a. 

c.  Advance  each  nut  one-half  hex  (30°). 

d.  Finish  tightening  by  advancing  each  nut  an  additional  one- 
half  hex  (30°). 

e.  Check  torque  in  clockwise  direction;  if  less  than  38  ft.  Ibs. 
[5.1954  kg  mj   is  required  to  turn  nut  after  tightening  se- 
quence is  completed,  remove  "U"  bolt(s)  and  replace  with 
new  one(s). 

22.  Tightened  rod  should  be  free  to  move  sideways  on  crank- 
shaft journal.  Check  with   hand   pressure  first;  tap  lightly 
with  soft  hammer  only  if  necessary.  Check  side  clearance 
(between  crankshaft  journal  and  side  of  connecting  .rod), 
Fig.  14-1-19;  a  minimum  of  0.008  in.  [0.2032  mm]  clearance 
should  be  present  in  this  area. 

Note:  If  rod  is  not  free,  remove  cap  and  check  for  im- 
proper bearing  shell  size,  burrs,  dirt,  tang  misengagement, 
etc.  before  proceeding  with  engine  assembly. 


Gear  Cover  Mounting  Plate 

1.  Be  sure  old  gasket  material  is  removed  from  mounting 
plate;  position  a  new  plate-to-block  gasket  on  back  of  plate 
with  gasket  adhesive. 


2.  Mount  plate  over  dowels,  t-ig.  n-i-^u,  ana  secure  witn  lock- 
washers  and  capscrews;  tighten  to  30/35  ft.  Ib.  [4.1490/4.8405 
kg  m]. 

Note:  On  supercharged  engines,  be  sure  that  the  super- 
charger oil  transfer  tube  is  installed  on  front  of  plate. 


Idler  Shaft 

If  idler  shaft  is  to  be  replaced,  install  shaft  so  oil  passage 
hole  indexes  with  drilling  in  block;  secure  with  capscrews, 
tightened  to  200/204  in.  Ib.  [2.3000/2.3460  kg  m). 

Note:  On  older  engine  that  is  machined  to  take  an  idler 
shaft,  but  does  not  have  one,  be  sure  a  capscrew  is  in- 
stalled in  idler  shaft  mounting  hole  that  opens  into  an  oil 
drilling. 


camsnan 

1.  Lubricate  all  camshaft  bushings  (in  block)  with  Lubri 
Type  130AA. 

2.  Rotate  camshaft  during  installation  to  allow  lobes  to 
through  bushings  easily. 

3.  Index  "O"  on  camshaft  gear  with  "O"  on  crankshaft 
this  is  Number  One  top-center  firing  position. 

4.  Slide  camshaft  completely   into   block;   align    bearin 
tainer  mounting  holes  with  those  in  block  and  secure 
lockwashers  and  capscrews  through  openings  in  can 
gear,  Fig.  14-1-21. 


Fig.  14-1-19.    Checking   rod-to-crankshaft  side   clearance 
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Fig.  14-1-21.    Secuiing  camshaft  bearing  retainer  to  block 


5.  Tighten  capscrews  to  30/35  ft.  Ib.  [4.1490/4.8405  kg  m 


Fig.  14-1-20.    Installing  gear  cover  mounting  plate 
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Supercharger  Idler  Gear 

1.  Install  inner  thrust  washer  on  idler  shaft,  Fig.  14-1-2 

2.  Place  combined  supercharger  idler  gear  and  driven 
on  idler  shaft. 

3.  Fit  outer  thrust  washer  against  gear  hub;  install  gear 
washer  and   capscrew;   secure   in    place   on    end    of 
shaft. 

4.  Check  clearance  between  outer  thrust  washer  and 
gear,    Fig.    14-1-23;    clearance    should    be    0.007/0.0 
[0.1778/0.4826  mm]. 

5.  Remove  capscrew  and  cover  washer;  leave  thrust  v 
in  place  against  driven  gear.  Capscrew  and  cover  v 
will  be  replaced  after  gear  cover  is  installed. 


Installing  thrust  washer  on   Idler  shaft 


N21421 


Fig.  14-1-24.    Checking   camshaft  gear  backlash 
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|.  14-1-23.    Checking  clearance  between  thrust  washer  and  gear    N21422 


iear  Backlash 

Bar  backlash  is  the  amount  of  play  between  intermeshed 
:ars.  Excessive  backlash  is  a  good  indication  that  gear(s) 
'are  worn  and  should  be  replaced. 

icklash  of  all  gears  in  gear  train  may  be  checked  with  a 
al  indicator  gauge  or  narrow  feeler  gauge. 

hen  dial  indicator  gauge  is  used,  locate  gauge  so  con- 
ct  point  contacts  gear  tooth;  move  gear  counterclock- 
se  against  indicator  contact  point  and  set  indicator  at 


ing  gears. 


5.  Worn  gears  will  naturally  have  'more  backlash  than  new 
gears  and  will  rattle  if  backlash  exceeds  0.012/0.020  in. 
[0.3048/0.5080  mm].  If  noise  is  not  objectionable,  do  not  re- 
place gear(s)  unless  backlash  'exceeds  0.020  in.  [0.5080 
mm]  or  unless  gear(s)  is/are  visibly  worn. 

Caution:  Insufficient  gear  lash  or  improperly  mated  gears 
cause  quick  gear  failure. 


Camshaft  End  Play 

1.  Secure  dial  indicator  gauge  clamp  to-  gear  cover  plate. 

2.  Locate  indicator  pin  against  front  of  camshaft  gear;  pull 
camshaft  and  gear  toward  front  of  engine  as  far  as  pos- 
sible. Set  gauge  at  "O" 

3.  Push  camshaft  and  gear  toward  rear  of  engine  as  far  as 
possible;  read  gauge,  Fig.  14-1-25. 

4.  Proper  camshaft  end  play  is  0.007/0.011    in.   [0.1778/0.2794 
mm];  if  clearance  exceeds  0.015  in.  [0.3810  mm],  replace 
bearing  retainer  and/or  camshaft. 


ove  gear  clockwise  against  indicator,  Fig.  14-1-24;  note 
ading.  Repeat  checks  on  four  equidistant  points  on  gear. 


"trmal    float-   kartLlaok    t  rt  f   O 


eiv-/*ul  I  nrj  Af    AnninflS    With 


Fig.    14-1-25.     Checking   camshaft   end   play 
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Fig.  14-1-30.     Supercharged  engine  gear  train  (six-cylinder) 


Valve  And  Injector  Tappets 

1.  Install  tappets  in  block;  injector  tappets  are  slightly  larger 
than  valve  tappets  and  are  installed  between  each  pair  of 
valve  tappets,  Fig.  14-1-33. 

2.  Align  slots  in  tappet  walls  with  tappet  guide  screw  holes 
in  block. 

3.  Install  tappet  guide  screws  (with  nylon  inserts),  Fig.  14-1- 
34;  tighten  to  95/115  in.-lb.  [1.0925/1.3225  kg  m]. 


Cylinder  Head 

1.  Cylinder  head  should  have  valve  guides,  valves,  valve 
springs,  injector  sleeves  and  plugs  in  place  as  described 
in  Cylinder  Head  Group. 


iear  Train  Cross  Sections 

or  information  on  gear  train  arrangements,  refer  to 

iupercharged  engine  gear  train,  Fig.  14-1-30. 


'he  following  list  shows  the  numbers  that  indicate  each 
larticular  gear  in  gear  train  cross  section  figure 

ccessory  drive  gear 
amsnaft  gear 
upercharger  idler  gear 
upercharger  drive  gear 
rankshaft  qear 

iil  pump  drive  gear 


Dil  Slinger 

furn  engine  right-side-up. 

5!ide  oil  slinger  onto  crankshaft  end  against  gear  (cupped 
iide  toward  block). 

Secure   slinger  to   gear  with    lockplates   and   capscrews; 
>end  lockplates  against  capscrew  heads. 


Fig.   14-1-33.     Installing   tappets 
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Fig.   14-1-34.     Installing  tappet  guide   screws 
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Clean  the  mating  surfaces  of  cylinder  block  and  cylinder 
head;  be  sure  cylinder  liner  walls  are  clean  and  well  lubri- 
cated with  clean  lubricating  oil. 

Be  sure  all  capscrew  holes  are  free  of  dirt  shavings,  water, 
oil,  etc. 

Place  new  grommets  and  new  retainers  in  water  passage 
holes  in  block,  Fig.  14-1-35. 

Note:  Usually  it  is  most  convenient  to  install  retainers  in 
block  first  and  then  place  grommets  on  retainers.  How- 
ever, if  desired,  grommets  may  be  inserted  in  gasket  and 
retainers  may  be  installed  after  gasket  is  laid  in  place  on 
olock. 

Install  head  gasket  over  dowels,  Fig.  14-1-36,  being  careful 
not  to  dislodge  grommets  and/or  retainers;  be  sure  the 
word  "top"  is  on  top  side  of  gasket. 

Install  one  stud  (threaded  at  one  end)  into  each  end  of 
iylinder  block  (or  closer  together,  if  desired)  (1,  Fig.  14-1- 
37). 

Attach  Lifting  Fixture  to  cylinder  head  and  lift  over 

cylinder  block  with  suitable  hoist;  carefully  lower  head  on- 
:o  cylinder  block,  using  the  two  studs  as  guides,  Fig.  14- 
I-37. 

Lubricate   cylinder  head   capscrews   with  Rust    Pre- 

ventive install    short   capscrews 

[with  hardened  washers)  into  cylinder  head  and  block  on 
sxhaust  side  of  head  and  tighten  to  25  ft.  Ib.  [3.4575  kg  m] 
;o  hold  head  securely  during  injection  timing. 


Checking  Injection  Timing 

nsert  an  injector  push  tube  into  an  injector  tappet  of  any 


Fit)     14-KIG       Inst.-illirig    cylinder    head    gasket 
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Fig.    14-1.37.     Installing    cylinder    head 
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Pjg/14-1-35.     Installing  grommets  and   retainers 
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cylinder    desired;    install  Timing    Tool    in    injector 

sleeve  of  same  cylinder  by  engaging  short  rod  (1,  Fig.  14- 
1-38)  in  injector  push  tube  socket  and  securing  tool  in 
place  with  retainers  (.2,  Fig.  14-1-38). 

Note:  Refer  to  Fig.  14-1-39  and  the  condensed  instructions 
following  this  figure  while  performing  the  following  steps. 

2.  Bar  engine  in  direction  of  rotation  to  T.  D.  C.  (maximum 
point  of  piston  rise  when  both   intake  and  exhaust  valves 
are    closed),    Fig.    14-1-38.    Install    indicator    above    piston 
within  0.010  in.   [0.2540  mm]   of  fully  compressed  position. 
Set  indicator  dial  at  "O". 

3.  Continue  to  bar  engine   in   direction   of  rotation   until    rod 
reaches  90    mark  on  left  side  of  tool. 

4.  Using    same    method    described    in    Step   2,    set   indicator 
above  push  tube  to  within  0.010  in.  (0.2540  mm]  of  its  fully 
compressed  position;  set  indicator  dial  at  "O". 


Fig.   14-1-38.     Barring   engine  to   check   injection  timing 
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Note:  Each  of  the  two  dial  indicators  used  in  timing  injec- 
tion must  have  total  travel  of  at  least  0.250  in.  [6.3500  mm]. 

5.  Bar  engine  in  direction  opposite  rotation  to  approximately 
45°  B.T.C. 

Note:  The  rod  over  piston  will  travel  up  to  T.D.C.  and  then 
down  to  45°  mark  on  left  side  of  tool  rod  retainer. 

6.  Bar   engine   in   direction   of   rotation  until   indicator   above 
piston  reads  value  under  "Piston  Travel"   in  line  with  19° 
B.T.C.  in  Table  14-1-2.  This  is  19°  B.T.C.  or  given  value  in 
inches  lower  than  top  center  position.  At  this   point,  the 
indicator  above  the  push  tube  should  match  figures  shown 
under  "Push  Tube  Travel"  in  Table  14-1-2. 

7.  Continue  to  bar  engine  in  direction  of  rotation  until   indi- 
cator above  piston  reads  12°  B.T.C.  value   under  "Piston 
Travel";   at  this   point,   indicator   above   push   tube   should 
match  figure  shown  under  "Push  Tube  Travel". 


Fig.   14-1-39. 
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Condensed  Instructions  for  Injection  Timing 

1.  Bar  engine  to  top  center  firing  position;  set  indicator  abo 
piston  at  "O",  Fig.  14-1-39. 

2.  Advance  engine  to  90°  A.T.C.;  top  of  rod  over  piston  Vv 
be  at  90°  mark.  Set  indicator  above  push  tube  at  "O". 

3.  Bar  engine  opposite  rotation  to  45°  B.T.C.  to  take  up  ge 
lash;  top  of  rod  over  push  tube  will  be  at  45°  mark. 

4.  Bar  engine  forward  until  indicator  above  piston  is  at  vali 
opposite  19°  B.T.C. 

5.  Continue  to  bar  engine  forward  until  indicator  above  pi 
ton  is  at  value  opposite  12°  B.T.C. 

6.  Continue  to  bar  engine  forward  until  indicator  above  pi 
ton  is  at  value  opposite  5°  B.T.C. 

7.  If  values  do  not  match,  adjust  timing  by  changing  camshE 
key. 

8.  Continue  to  bar  engine   in  direction  of  rotation  until  inc 
cator  above   piston   reads   5°   B.T.C.  value   under  "Piste 
Travel  Inches";  at  this  point,  indicator  should  again  mati 
figure  shown  under  "Push  Tube  Travel". 

9.  If  downward  travel  of  push  tube  (from  90°  A.T.C.  positio 
is  greater  than  limits  indicated  in  Table,  engine  timing 
slow;   if  downward  travel   of  push  tube  is   less,  timing 
fast. 

Note:  Injection  timing  may  be  advanced  or  retarded  by  u 
ing   camshaft   keys   listed    in   Table  14-1-3.   See   Group 
Unit  110,  "Camshaft". 


Engine  Timing  Adjustment 

1.  Remove  injector  push  tube  and  all  tappets;  remove  cai 
shaft  from  block  and  remove  gear  and  key  from  camsha 

2.  Refer  to  Table  14-1-3  and  select  required  key  to  adjust  e 
gine  timing. 

3.  Insert  key  in  camshaft,  press  gear  on  and  install  .camshi 
and  tappets  in  block  again.  See'Group  1,  Unit  110. 


Push  Tubes 

Push  tubes  are   used  to   transmit  camshaft   action   to   i 
jectors  and  valves. 

1.  Install  push  tubes  in  correct  tappet  sockets. 

a.  Consult   parts   book  for   push  tube  identification;   the   i 
jector  push  tube  goes  in  the  center  tappet  of  each  cylindi 

b.  On   engines    equipped    with    compression    release,    inta 
tubes  have  collars  on  them  to  match  with  milled  recess 
of  compression  release   shaft;  exhaust  and   injector  pu 
tubes  are  plain. 


On   engines  without  compression   release,   intake,   exhaust 
and  injector  push  tubes  are  all  plain. 


Injectors  And  Connections 

Clean  the  injector  sleeve  with  a  clean  cloth  wrapped 
around  a  wooden  stick.  Never  use  a  screwdriver  or  other 
metal  device  for  this  operation;  a  scratched  injector  sleeve 
may  cause  a  compression  leak. 

Place  all  injectors  in  injector  bores  in  cylinder  head,  Fig. 
14-1-40. 


Note:  When  installing  injectors  in  engine,  position  injector 
plunger  so  class  marks  on  plunger  sleeves  are  centered 
between  fuel  connection  openings.  This  arrangement  pro-' 
vides  the  same  operating  conditions  as  those  under  which 
the  injectors  were  tested  on  Test  Stand. 

Caution:  Be  careful  not  to  damage  injector  cup  tips. 

3.  Start,    but   do    not   tighten,    hold-down    capscrews    into    in- 
jector mounting  holes  in  cylinder  head. 

4.  Place  new  gaskets  on  fuel  inlet  and  drain  connections;  in- 
stall drain  connections  in  left  holes  and  inlet  connections 
in  right  holes  of  injectors. 


Table  14-1-2:  Injection  Timing  Specifications 


Engine  Model 
Camshaft,  Nom.  Key 


Crank 
Angle 


Piston  Travel 
In.  [mm] 


Push  Tube  Travel 
Nominal 


In. 


[mm] 


Fast 
In. 


[mm] 


Slow 
In. 


[mm] 


C-180 

(121580  Camshaft) 
120602  Key 


19°  ETC 

12°  ETC 

5°  BTC 


—0.1711  [—4.3459] 
—0.0689  [—1.7500] 
—0.0120  [—0.3048] 


—0.0378  [—0.9601] 
—0.0234  [—0.5943] 
—0.0115  [—0.2921] 


—0.0348  [—0.8839] 
—0.0209  [—0.5308] 
—0.0097  [—0.2463] 


—0.0398  [—1.0109] 
—0.0244  [—0.6199] 
—0.0127  [—0.3225] 


Table  14-1-3:  Camshaft  Keys 
Engine  Series 


Camshaft  Key 


C-180 


120602  (1'AC  Retard)  arrow  toward  front  of  engine 


Note:  Camshaft  and  key  combination     listed  above  are  standard  ;  however,  in  rare  cases  other  combinations  may  be 

used  to  bring  a  particular  engine  or  camshaft  into  proper  injection  timing  tolerances. 


Fig.    14-1  -<3Q.      Installing    injectors 


Fig.    14-1-41.     Tor(|uing    irijcctoi    imlil-ilowri    rnpr.ritwG 
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5.  Start  fuel   connections   into    injectors;   approximately  Ihrcc 
turns   are    required    to    align    injector   body    with    fuel    con- 
nections. 

6.  Tighten  injector  hold-clown  capscrews  with   torque  wrench 
in  alternate  steps  to  12  ft.  Ibs.  [1.6596  kg  m],  Fig.  14-1-41; 
begin  tightening  sequence  with  capscrew  on  opposite  side 
of  inlet  and  drain  connections. 

Caution:   Excessive  lightening  may  distort  valve  seats  or 
crack  cylinder  head. 

7.  Tighten  inlet  and  drain  connections  to  20/25  ft.  Ibs.  [2.7660/ 
3.4570  kg    m],   Fig.   14-1-42.    Be    sure  that   wrench   engages 
nuts  next  to  connection  springs. 


&  e 


c-  o> 


Valve  Crossheads 

1.  Install    proper    (right    or    left)    crossheads    on    crossheacl 
guides    with    adjusting    screws    resting    on    valves    farthest 
from  push  tubes  (3,  Fig.  14-1-43.) 

2.  If  not  already  done,  install  valve  crosshead  retainer  under 
adjusting  screw  nuts  on  crossheads;  these  retainers  keep 
crossheads  from  jumping  off  valve  stems  during  engine  op- 
eration. 

3.  Use  light  finger  pressure  on  rocker  lever  contact  surface 
(1,  Fig.   14-1-43)   to  hold  crosshead   in   contact  with  valve 
stem  nearest  push  tubes  (2,  Fig.  14-1-43);  turn  crosshead 
adjusting  screw  (4,  Fig.  14-1-43)  down  until  it  contacts  valve 
stem  beneath  it. 

4.  If  new  crossheads  and  guides   (5,  Fig.   14-1-43)  are  used, 
advance   adjusting   screws   one-third   of    one   hex    (20   de- 
grees) to  straighten  valve   stems  on   their   guides   and   to 
compensate  for  slack  in  threads.  When   worn  nrossheads 
and  guides  are  used,  it  may  be  necessary  to  advance  ad- 
justing screws  approximately  one-half  of  one  hex. 


Tig.   14-1-42.     Torquing   fuel    inlet   and   drain   connections 
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Fig.  14-1-43.    Alignment  of  crosshead  stem  and   guide 
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jail  ly  i  ui  v^uc     v  v  i  ci  HJM    /-\uap  LCI  ,    nyii  ici  i    luu'viiuc.o     iu 

!2/26  ft.  Ibs.  [3.0426/3.5958  kg  m],  Fig.  14-1-44.  If  ST-669  is 
lot  available,  hold  screws  with  screwdriver  and  tighten 
ocknuts  to  25/30  ft.  Ibs.  [3.4575/4.1490  kg  m]. 

Dheck  clearance  between  each  crosshead  and  valve  spring 
•etainer  with  wire  gauge;  a  minimum  of  0.030  in.  [0.5080 
nm]  clearance  is  required  at  this  point. 


Rocker  Lever  Assembly 

nsert  oil  transfer  dowe!  in  cylinder  head,  Fig.  14-1-45. 

Jsing  a  bar  or  wooden  slat  to  hold  levers  In  place,  mount 
ocker  lever  assembly  on  cylinder  head. 


uiive   HJUKCF    icvci 


uver    uuweis   wim   suu   nammer. 


Dowels  often  stick  in  rocker  lever  bearing  rather  than  cyl- 
inder head. 

4.  Lubricate  rocker  lever  shaft  bearing  capscrews  with  clean 
lubricating  oil;  install  and  tighten  securely. 

5.  Lubricate  long  cylinder  head  capscrews  with   clean  lubri- 
cating oil;  place  hardened  washers  on  capscrews  and  in- 
stall in  cylinder  head  through  rocker  lever  shaft  bearings. 

6.  Tighten  all  cylinder  head  capscrews  to  25  ft.  Ibs.   [3.4575 
kg  m]  in  sequence  shown  in  Fig.  14-1-46. 

7.  Continue  to  tighten  capscrews,  in  100  ft.  Ibs.  [13.8300  kg  m] 
increments,  to  300  ft.  Ibs.  [41.4900  kg  m]  for  3A  in.  [19.0600 
mm]  capscrews,  or  to  200  ft.  Ibs.  [27.6600  kg  m]  for  »/i6  in. 
[17.4625  mm]  capscrews,  Fig.  14-1-47. 


Engage    push    tubes    with    rocker    lever   adjusting    screws;          8.  Then,   in   50  ft.   Ibs.    [6.9150  kg   m]    increments,  tighten  to 


:ig.    14-1  44.     Torquing   crosshead   adjusting   screw   locknuts 
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Fig.   14-1-46.    Cylinder  head   capscrew   tightening   sequence 
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ig.   14-1-45.     Inserting  oil   transfer  dowel 
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Fig.  14-1-47.    Torquing  cylinder  head  capscrews  N21481 


390/400  ft.  Ibs.  [53.9370/55.3200  kg  m]  for  3A  in.  [19.0500  mm]          b.  Accessory  drive  shaft  and  shaft  seal  bore, 
capscrews,  or  to  240/260  ft.  Ibs.  [33.1920/35.9580  kg  m]  for 
in.  [17.4625  mm]  capscrews. 


9.  After  cylinder  head  is  secured  to  block,  check  rocker 
levers  to  be  sure  they  are  not  binding.  Tightening  the  long 
cylinder  head  capscrews  may  shift  the  rocker  lever  shaft 
bearings,  causing  levers  to  bind. 

10.   Binding  levers  may  be  freed  as  follows: 

a.  Shift  one  set  of  injector  and  valve   rocker   levers   toward 
rear  of  engine  and  against  rocker  lever  shaft  bearing. 

b.  Measure  clearance  between  valve   rocker  lever  and   shaft 
bearing  toward  front  of  engine;   if  clearance  is  less  than 
0.009  in.  [0.2286  mm],  stock  must  be  machined  from  each 
side   of  injector   lever  to    increase    clearance    to    0.025    in. 
[0.6350  mm]. 

c.  Check  each  of  the   remaining  sets   of   levers   in   the   same 
manner  as  "a"  and  "b"  to  determine  which  injector  levor(s) 
must  be  machined  and  the  amount  of  stock  that   must  be 
removed  from  each  side  of  lever(s). 

d.  Clean  machined  lever(s)  thoroughly  to  prevent  damage  to 
other  engine  parts. 


7.  To  obtain  readings  noted  in  Step  6,  attach  dial  indicate 
shaft;  rotate  shaft  and  read  indicator. 


Locating  New  Gear  Cover 

If  the  same  gear  cover  is  being  used  that  was  removed 
from  block,  proceed  to  "Gear  Cover  Installation."  How- 
ever, if  a  new  gear  cover  is  to  be  installed  on  engine,  it 
must  be  aligned  as  follows: 

1.  Remove  old  dowels  from  cylinder  block.  Mount  fuel  pump 
drive  (compressor  drive,  if  used)  to  gear  cover  with   lock- 
washers  and  capscrews. 

2.  Secure  gear   cover   to   block   with    lockwashers    and    cap- 
screws;  do  not  tighten  capscrews  completely. 

3.  Fuel   pump  and   compressor  drive   shaft  bore   bushings   in 
current  gear   covers   must   be   aligned    by    inserting   three 
pieces  of  0.002  in.  [0.0508  mm]  feeler  gauge  stock  at  least 
1Vi   in.  [38.1000  mm]   between   bushing   and   shaft   at  three 
equidistant  points. 

4.  On   gear  covers   with   roller  bearings,   attach    indicator   to 
crankshaft  and  check  run-out  of   seal   bore;   run-out  must 
not  exceed  0.010  in.  [0.2540  mm]. 

5.  Check  bottom   surface   of  cover   with    oil    pan   surface   of 
block  to  be  sure  they  are  flush;  these  surfaces  should  be 
within  0.002  in.  [0.0508  mm]  of  being  flush. 

Caution:  Oil  seepage  will  occur  if  these  surfaces  are  more 
than  0.002  in.  [0.0506  mm]  out  of  flush. 

6.  Maximum   run-out  of  0.010   in.    [0.2540   mm]   total   indicator 
reading  is  permissible  on  the  following: 

a.  Crankshaft  to  crankshaft  seal  bore. 


8.  Ream  dowel  holes  to  next  oversize,  if  necessary,  and  d 
in  oversize  dowels.  Remove  cover  from  block. 


Gear  Cover  Installation 

1.  Position  new  gasket  to  gear  cover  with  gasket  adhesiv 

2.  Secure  gear  cover  to  mounting  plate  and  block  with  lo 
washers   and   capscrews,   Fig.  14-1-48.  Tighten   to  30/35 
Ibs.  [4.1490/4.8405  kg  m]  torque. 

3.  On  supercharged  engines,  secure  idler  gear  support  wa 
er  and  new  rubber  "O"  ring  to  idler  shaft  with   lubrina 
capscrew. 


Crankshaft  Oil  Seal 

1.  Coat  gear  cover  oil  seal  bore  with  clean  lubricating  oi 

2.  Coat  sealing  lips  and  outer  diameter  of  oil  seal  with  ch 
lubricating  oil. 

3.  Install  oil  seal  in  bore  with  Mandrel  and  soft  h; 
mer,  Fig.  14-1-49.  Steel   spring  side  of  seal   must   go   i 
bore  first.  Drive  seal  into  bore  until  outer  edge  of  sea 
at  least  0.030  in.  [0.7620  mm]  inside  of  bore  shoulder. 

Note:  When  installing  oil  seal  in  gear  cover  bore  that 
oil  drain  holes,  space  seal  out  0.200/0.250  in.  [5.0800/6.3 
mm]  from  bore  shoulder  to  keep  oil  drain  holes  open. 


Accessory  Drive  Oil  Seal 

1.  Coat  sealing  lips  and  outer  diameter  of  oil  seal  with  cl< 
lubricating  oil;  coat  gear  cover  bore  with  clean  lubricat 
oil. 

2.  Install  seal  by  placing  a  block  of  wood  against  back  (p 
no.  side)  and  tapping  with  hammer  until  seal  is  flush  v 
front  of  cover. 


Crankshaft  Flange  And  Vibration  Damper 

Check  viscous-type  damper  closely  for  dents  and  cra( 
Shake  damper  from  front  to  rear.  Movement  of  loose  pie 
will  be  felt  or  heard  if  fluid  has  been  lost.  Tap  front  fac« 
damper  at  outside  and  inside  seal.  If  seal  is  broken  a  I 
low  sound  will  be  heard  at  break.  If  above  conditions  e> 
install  new  damper. 

On  rubber  element  dampers  make  sure  alignment  marks 


H-1-48.    Securing  gear  cover  lo  block 
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Fig.   14-1-50.     Jerquing   crankshaft   flange   capscrew 
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4-1-49.    Installing  crankshaft  oil  seal 


t^aW  ' 
Him. .      •  , 

3-   14-1-51.     Installing  vibration   damper 
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netal  members  are  in  line. 


Iron  Flange 


•  washer  TJMT^  6nd;   S6CUre   with     ar9e    re 
washer  and  Nylok  capscrew  (or  nut,  if  used)   Torau 

jewg(or  nut)  to  120/140  ft.  Ibs.  [16.5960/19.3620  kg 


. 

and  capscrews. 

e   capscrews  to  35/45  ft.   Ibs.    [4.8405/6.2235   kg    m]- 
apscrews  ,„  place  by  bending  lockplate  tangs  ag'ainsi 


Steel  Flange 

1'  Vb 


with  '^P'-f  •  and  cap- 

[4-8405/a2235  ka 


2.  Install  key  (if  used)  in  crankshaft  keyway  with  tapered  si 


side 


Check  Vibration  Damper  And  Flange  Run-Out 

1.  Eccentricity  of  vibration  damper  mounting  flange  measured 
on  the  outside  diameter  of  the  pilot  must  not  exceed  0.004 
in.  [0.1016  mm]  total  indicator  reading,  (A,  Fig.  14-1-52). 

2.  Wobble  in  the  vibration  damper  mounting  flange  must  not 
exceed  0.003  in.  [0.0762  mm]  measured  at  23A.  in.   [69.8500 
mm]  radius  (B,  Fig.  14-1-52). 

3.  After  assembly,  vibration  damper  maximum  allowable  run- 
out (total  indicator  reading)  must  not  exceed  values  shown 
in  Table  14-1-4. 

Note:  Make  checks  with  dial  indicator  measured  on  smooth 
inner  ledge  of  inertia  member.  Keep  crankshaft  thrust 
clearance  to  front  or  rear  limit  while  checking  wobble. 


Table  14-1-4 

—  Vibration  Damper 

Run-Out 

Part  No. 

Eccentricity  (A) 
In.       [mm] 

Wobble  (B) 
In.       [mm] 

20634-1 
20835-1 
136383 
141654 
142219 

0.010  [0.2540] 
0.010  [0.2540] 
,0.030  [0.7620] 
0.030  [0.7620] 
0.030  [0.7620] 

0.010  [0.2540] 
0.010  [0.2540] 
0.030  [0.7620] 
0.030  [0.7620] 
0.030  [0.7620] 

3.  Position  oil  pump,  suction  tube  and  hanger  straps  to  blc 
Fig.   14-1-53;   install    mounting   capscrews   and    lockpla 
tighten  oil  pump  capscrews  securely  and  lock  lockpla 

4.  Tighten  strap-to-block  capscrews  finger  tight. 

5.  Tighten  suction  tube-to-pump  capscrews;  tighten  lockr 
securing  hanger  straps  to  suction  tube  bell.  Tighten  han 
straps-to-block  capscrews. 

6.  Check  all  capscrews  and  locknuts;  lock  all  lockplates. 


Double  Lubricating  Oil  Pump 

1.  If  dowels  were  removed,  install  new  dowels  for  lubricat 
oil  pump. 

2.  Position  oil  pump   and  suction  tube   assembly  on  cylin' 
block. 

3.  Install  lockplates  and  capscrews;  secure  pump  to  block. 

4.  Position  brackets   on   oil   suction  tube   studs;   secure   v 
lockplates  and  nuts. 

5.  Install   lockplates  and  capscrews;  secure  oil  suction   ti 
brackets  to  block. 

6.  Position  oil  drain  tube  on  cylinder  block  and  secure  v 
lockplates  and  capscrews;  bend  lockplates  into  position. 


Lubricating  Oil  Pump 

1.  Assemble  suction  tube  to  oil   pump  with   lockplates,  cap- 
screws  and  new  gasket;  tighten  capscrews  finger  tight. 

2.  Attach  hanger  straps  to  suction  tube  bell;  screw  locknuts 
to  within  one  turn  of  being  tight, 


Oil  By-Pass  Drain  Tube 

1.  Install   oil  drain   tube   and   bracket  on   bottom  of  cylin 
block  on  camshaft  side  of  engine;  secure  tube  and  brae 
with  lockplates  and  capscrews. 

2.  Tighten   drain    tube    flange    to    cylinder    block   first;    t 
tighten  bracket  capscrew  to  block.  This  eliminates  the  p 


Fig.  14-1-52.    Damper  and  flange   eccentricity   and  wobble 


MM**-- 

N21427  Fig.   14-1-53.    Installing  oil   pump   and  suction   tube  N 


bility  of  the  drain  tube  binding  between  bracket  and  tube 
nnge. 


not  pie\'iui's!y  done,  install  pipe  plugs  and  drain  plugs  in 
il  ;.iu  pou-iion  (with  adhesive)  new  gasket  on  oil  pan 
iu'.ii-..ii'3  S'.n-fdoe.  Check  dowels  (if  used)  for  worn  or 
iosi  "iidiiion. 

osition  oil  jjan  to  block,  Fig.  14-1-54;  secure  with  flat- 
,>shers,  lo 'kwashors  and  capscrews.  Tighten  capscrews 
noui|h  to  hold  oil  pan  firmly  in  place. 

uiiKi  a  Alraightedge,  check  rear  surfaces  of  block  and  oil 
nn  to  oo  '^ire  these  surfaces  are  flush,  Fig.  14-1-55. 

;,'*:  Pan  must  be  flush  with  rear  of  block  to  prevent  oil 
lakag-.:  and  distortion  of  flywheel  housing. 

fter  chucking  pan-to-block  alignment,  loosen  all  cap- 
srews  mounting  pan  to  block. 

Caution:  Oil  leakage  may  occur  if  oil  pan  capscrews  Ere 
ghtened  before  flywheel  housing  installation. 


;lywliceS  Hou/my 

:lean  dirt  and  burrs  from  flywheel  housing,  cylinder  block 
nd  oil  pan  mating  surfaces. 

'osition  (with  adhesive)  new  gasket  in  camshaft  counter- 
ore  of  flywheel  housing,  Fig.  14-1-56.  Be  sure  gasket  is 
et  firmly  in  place. 

F  new  flywheel   housing  is  being   used,  or   if  dowels   are 


Fig.   14-1-55.    Checking  pan-to-block  alignment 


N51487 


Ig.   14-1-54.     Installing  oil  pan 


N20022 


Fig.  14-1-56.    Installing  gasket  in  camshaft  counterbore  N214&2 

of  flywheel  housing 


worn,  sheared  or  loose,  replace  them  with  new  dowels. 

4.  If  wet-type  flywheel  housing  is  used,  install  "O"  ring  seal 
around  rear  cover  after  lubricating  the  ring  with  clean  lubri- 
cating  oil.   Some   wet-type   housings   have   an    inspection 
plate  which  must  be  mounted  with  a  gasket,  copper  wash- 
ers and  capscrews. 

5.  If  engine  is  to  be  subjected  to  dusty  conditions,  install 
neoprene  sponge  rubber  seal   between  flywheel  housing 
and  oil  pan.  Seal  is  available  as  Part  No.  139904  and  is 
equipped  with  a  fabric  pull  tape  or  cotter  key  to  facilitate 
removal  of  seal  (to  allow  removal  of  oil  pan). 

6.  Mount  flywheel  housing  to  cylinder  block  and  oil  pan  with 
lockwashers,  flatwashers  and  capscrews;  snug-tightan  cap- 
screws. 


1.  Attach  indicator  gauge  to  crankshaft  flange.  Fig.  14-1-57. 

2.  Draw  chalk  marks  at  A,  A1,  B  and  B1,  Fig,  14-1-58. 

3.  Check  readings  at  B  and  B1,  If  total  run-out  exceeds  0.010 
in.  [0.2540  mm],  use  a  pinch  bar  to  move  housing  one-half 
distance  of  total  indicator  reading  in  order  to  center  hous- 
ing horizontally. 

4.  Check  readings  at  A  and  A1.  If  total  run-out  exceeds  0.010 
in.  [0.2540  mm],  use  a  pinch  bar  to  pry  housing  either  up  or 
down,  whichever  is  necessary,  one-half  distance   of  total 
indicator  reading  in  order  to  center  vertically. 

5.  Check  housing  bore  circumference;  total  run-out  must  not 
exceed  0.010  in.  [0.2540  mm]. 

6.  After  readings  are  within  limits,  tighten   capscrews   alter- 


Fig.   14-1-57.     Indicating  flywheel   housing   bore 


N21453 


and  recheck  total  run-out. 


Indicate  Flywheel  Housing  Face 

1.  Attach  indicator  gauge  as  shown  in  Fig.  14-1-58. 

2.  Push  crankshaft  forward  to  take  up  end  clearance. 

3.  Turn  crankshaft  to  obtain  readings  on  housing  face. 

Note:  Take  up  crankshaft  end  clearance  in  same  direct 
each  time. 

4.  Total  flywheel  housing  'ace  run-out  must  not  exceed  O.I 
in.  [0.2032  mm]. 

5.  If  both  bore  and  face  run-out  readings  are  within  limits  i 
dowels  were  removed,  roam  dowel  holes  to  smallest  p 
missible  oversize   with  drill    ream    fixture   as    d 
scribed  in  Step  7. 

6.  If  necessary  to  correct  for  housing  face  run-out  after 
bore  has  been  aligned,  remove  housing  and  recheck  mat 
surfaces.  Then  reinstall,  realign  and  dowel. 

Caution:  Be  sure  all  housing  capscrews  are  tight. 

7.  To  use   drill  ream  fixture: 

a.  Attach  plate  to  crankshaft  flange,  locating  tapered  pluc 
former  dowel  holes. 

b.  Remove  tapered  plug;  substitute  drill  and  ream  bushir 

c.  Drill  new  dowel  holes.   Make  sure  all  metal  shavings 
removed  from  dowel  holes.  Ream  holes  for  oversize  dow 

Caution:  If  dowel  holes  are  not  pilot-reamed  or  new  dov 
installed  straight,  housing  will  shift  and  extreme  diffic 
will  be  encountered  at  next  engine  rebuild. 

d.  Clean  out  dowel  holes  and  install  new  dowels. 


Fig.   14-1-56.    Indicating  flywheel  housing  face 


N21464 


Tighten  Oil  Pan  Capscrews 

1.  Install   oil   pan-to-flywheel    housing   capscrews   and    sn 
tighten  in  place. 

2.  Tighten  oil  pan-to-flywheel  housing  capscrews  and  oil  p 
to-block  capscrews  alternately  to  "pull"  oil  pan  into  cor 
formed  by  block  and  flywheel  housing  to  prevent  poss 
oil  leakage. 


Flywheel 

1.  Clean  flywheel  and  crankshaft  flange  face  of  all  dirt 
burrs. 

2.  Inspect  dowels  (if  used);  if  loose,  worn  or  signs  of  shea 
are  evident,  pull  dowels. 


f  flywheel  ring  gear  is  to  be  installed,  heat  gear  to  600°  F. 
;315°  C.I  and  slip  over  flywheel.  Do  not  drive  ring  gear  on 
flywheel  without  hunting. 

A/hen  installing  a  new  flywheel  with  "O"  marks,  match  "O" 
ndoxing  marks  on  flywheel  and  crankshaft. 

nstall  two  guide  studs  in  crankshaft  flange.  Assemble  fly- 
vheei  over  studs  (and  dowels)  to  crankshaft  flange. 

f  dowels  were  removed,  match  -dowel  holes  in  flywheel  and 
:rankshaft. 

nsert  flywheel  washers  (if  used)  and  capscrews  and 
•ighten  alternately  to  50/60  ft.  \bs.  [6.9150/8.2980  kg  m].  Us- 
ng  same  sequence,  tighten  flywheel  capscrews  to  final 
:orque  of  100/110  ft.  Ibs.  [13.0300/16.2130  kg  m]. 

:    If  self-locking   cnpscrews   are   not   used,    lockwires 
be  installed  in  capscrew  heads. 


Fig.  14-1-59.     Indicating   flywheel   clutch   bearing   bore 


N21456 


ndicate  Flywheel  Bafltiiijj  Bore? 

\ttach  indicator  gauge  to  flywheel  housing. 

Hheck  clutch  pilot  bearing  bore,  Fig.  14-1-59;  total  run-out 
nust  not  exceed  0.005  in.  [0.1270  rnvn], 


:idicale 


Face 


Shift  gauge  to  indicate  flywheel  face,  Fig.  14-1-60. 

Draw  four  equidistant  chalk  marks  on  flywheel  cir- 
sumference. 

["urn  crankshaft,  taking  up  crankshaft  end  clearance  as 
:halk  marks  align  with  indicator.  Run-out  must  not  exceed 
).0005  in.  [0.0127  mm]  per  in.  [25.4000  mm]  of  diameter. 

f  run-out  exceeds  0.0005  in.  [0.0127  mm]  per  in.  [25.4000 
rim]  of  diameter,  remove  flywheel  and  clean  flywheel  and 
2rankshaft  flange  mating  surfaces. 

Reinstall  flywheel;  check  bore  at  face, 

Mote:  Crankshaft  must  be  kept  at  front  or  rear  limit  of 
:hrust  clearance  while  check  is  being  made. 

rorque  capscrews  to  100/110  ft.  Ibs.  [13.8300/15.2130  kg  m]. 

f  capscrews  have  holes  in  head  for  safety  wire,  install  by 
:rosswiring  between  pairs  of  capscrews. 


Supercharger 

Remove  masking  tape  from  supercharger  outlet  port;  as- 
temble  connecting  band  loosely  in  place  on  outlet  port. 

Mote:  Do  not  remove  masking  tape  from  supercharger  inlet 
>ort  until  connection  is  to  be  mounted, 

3heck  to  see  that  locating  dowels  (1,  Fig.  14-1-61)  are  in 
dace  in  gear  cover;  place  a  new  rubber  "O"  ring  (2)  over 

ill  transfer  (supply)  ferrule. 


Fig.   14-1-60.     Indicating   flywheel   face 


N21467 


Fifl.  14-1-61.    Supercharger  locating  dowels  and  oil  ferrule  NJ1439 


3.  Position   (with   adhesive)    new   mounting   gasket  \o   super 
charger. 

4.  Lift  supercharger  to  back  of  gear  cover;  mesh  drive  gear 
with  idler  gear  and  secure  supercharger  to  gear  cover  wHh 
lockwashers  and  capscrews.  Tighten  capscrews  securely. 


Supercharger  Outlet  Connection 

1.  Install   new  "O"   ring   retainer   and  band   on   supercharger 
outlet  connection.. 

2.  Position  connection  over  supercharger  outlet  port;  tighten 
connecting  band. 

3.  Secure   outlet   connection    to   block   with    lockwasher   and 
capscrew. 

Note:  Crossover  connection  will  be  installed  after  cylinder 
head  cover  is  secured  to  head. 


Fig.  14-1-62.     Installing   exhaust   manifold  gasket 


N21 


Water  Header  Cover  Plate 


5.  Tighten  capscrews  alternately  to  22  ft.  Ibs.  [3.0366  kg  r 
lock  in  place  with  lockplates. 


Position  water  header  cover  plate  to  side  of  cylinder  block 
with  new  gasket;  secure  with  lockwashers  and  capscrews. 


Exhaust  Manifold  (Four-Valve  Engine) 


(7/ie  in.  [11.1125  mm]  Dia.  Studs) 

1.  Install  gaskets  over  studs  and  dowels. 

2.  Position  manifold  assembly  over  studs  and  dowels;  secure 
with  clamps  and  nuts. 

3.  Tighten  all   nuts  to  40  ft.   Ibs.    [5.5320  kg   m]   in   20  ft.  Ib. 
[2.7660  kg  m]  increments. 

Note:  If  washers  or  lockplates  are  used  under  nuts,  maxi- 
mum torque  must  be  reduced  to  25  ft.  Ibs.  [3.4575  kg  m]. 


(Vi  in.  [9.52SO  mm]  Dia.  Studs) 

1.  Install  gaskets  over  manifold  studs. 

2.  Slide  manifold  assembly  onto  studs;  secure  to  head  w 
clamps  and  nuts. 

3.  Tighten   all  nuts  to  25  ft.  Ibs.   [3.4575  kg   m]    in   10   ft. 
[1.3830  kg  m]  increments;  if  lockplates  are  used,  lock 
nuts  in  place. 


(Vi  in.  [9.5250  mm]  Dia.  Capscrews) 

1.  Make  sure  both  manifold  dowels  are  in  cylinder  head. 

2.  Install  two  guide  studs  into  cylinder  head  at  an  equal  dis- 
tance from  each  end  of  head;  slide  manifold  assembly  over 
guide  studs. 

3.  Insert  one  gasket  at  a  time,  Fig.  14-1-62;  install  lockplates 
and  capscrews  into  manifold  mounting  holes  as  gaskets  are 
inserted. 

4.  Remove  guide  studs,  insert  gaskets  and  Install  lockplates 
and  capscrews;  tighten  all  capscrews  to  10  ft.  Ibs.  [1.3830 
kg  m]. 


ig.    14-1-63.     Tightoning   manifold-to-superchargar  clamp  N20012  Fig.   14-1-64.     Installing   supercharger-driven   water   pump 


N30017 


Water  Pump 
Superchargar-Drivan 


new  "O"   rings  on  oil  cooler  connection  tube; 
secure  tube  to  water  pump  with  lockwasher  and  capscrew. 

Assemble  water  pump  and  new  gasket  to  rear  of  super- 
:hargor,  Fig.  14-1-64. 

Install   mounting  lockwashers  and  capscrews;  tighten   se- 
curely. 


: 


Fig.   14-1-65.    Securing  water  pump  to  block 


N21489 


fhermostat  Housing  And  Connection* 

Jsing    a   new   seal,    install   new   or   tested    thermostat    in 


thermostat  housing. 

Note:  If  thermostat  with  "V"  notch  is  used,  plug  vent  hole 
in  housing. 

2.  Install  thermostat  with  vent  hole  at  top;  failure  to  do  so  may 
result  in  air  lock  and  incomplete  coolant  circulation. 

3.  Install  new  "O"  rings  on  water  by-pass  connection;  slip 
connection  into  water  pump  connection,  Fig.  14-1-66. 

4.  Using  new  gasket,  secure  thermostat  housing  to  cylinder 
head  with  lockwashers  and  capscrews,  Fig.  14-1-67. 

5.  Position  water  connection  over  by-pass  tube  and  against 
thermostat  housing  with  new  gasket;  secure  to  thermostat 
housing  with  lockwashers  and  capscrews. 

6.  Install  water  outlet  connection  with  new  gasket  to  water  by- 
pass connection;  secure  with  lockwashers  and  capscrews. 


7.  Install  air  bleed  line  between  by-pass  connection  and  water 
pump  body. 


Oil  Cool@r 

1.  Install  new  "O"  rings  on  oil  cooler  connection;  insert  con- 
nection into  water  pump  connection. 

2.  Lift  cooler  assembly  into  position;  slide  cooler  over  cooler 
connection. 

3.  With  new  mounting  gaskets  in  position,  secure  cooler  to 
block  with  lockwashers  and  capscrews. 

4.  If  used,  install  oil  by-pass  drain  line  from  cooler  to  block. 


Cranking  Motor 

Install  cranking  motor  (and  spacer,  if  used)  in  flywheel 
housing,  Fig.  14-1-68;  secure  with  lockwashers  and  cap- 
screws. 


Oil  Gang®  Tub®  And  Brack®* 

Install  bracket  assembly  and  new  gasket  on  oil   pan,  Fig. 
14-1-69;  secure  with  lockwashers  and  capscrews. 


Corrosion  Resistor 

1.  Secure  mounting  bracket  to  engine  with  lockwashers  and 
capscrews. 


Fig.    14-1-67      Installing    thermostat    housing 
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Fig.    14-1-66.     Installing   cranking    motnr 


N21 


Fig.   14-1-66.     Installing  water  by-pMs  connection 


N21490 


Fig,   14-1-69,     Installing  dipstick  tube  and  bracket  assembly  N2 


lount    corrosion    resistor   to    bracket   with    nuts,    washers, 
>ckwashers  and  capscrews. 

lote:  Corrosion  resistor  may  be  mounted  on  chassis,  but 
lust  be  grounded  to  engine. 

istall  corrosion  resistor  water  lines. 


uel  Inlet  And  Drain  Manifolds 

istall  inlet  and  drain  manifolds  to  fuel  connections.  When 
icing  fuel  pump  side  of  engine,  inlet  connections  are  on 
ght  side  and  drain  connections  are  on  left  side  of  each 
jector. 

D  avoid  cross-threading,  start  tube  nuts  by  hand. 


amoving  Engine  From  Stand 

sing  suitable  hoist,  place  Lifting  Fixture  over  en- 

ine;  screw  lifting  screws  into  cylinder  head. 

ake  up  enough  slack  in  hoist  chain  to  allow  capscrews  to 
e  removed  that  are  securing  block  to  engine  stand. 

ift  engine  from  stand,  Fig.  14-1-70;  set  on  engine  supports, 
emove  lifting  fixture  from  engine. 


)il  Transfer  Connection 

osition  oil  transfer  connection  and  new  gaskets  to  block; 
ecure  with  flatwashers,  lockwashers  and  capscrews,  Fig. 
4-1-71. 


Fig.   14-1-70.    Removing  engine  from  engine  stand 
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Fig.   14-1-71.     Securing   oil   transfer   connection   to   block  N20037 


iir  Compressor 
Cummins  Gear-Driven 

Ising  new  gasket,  position  compressor  and  drive  assembly 
nto  gear  cover;  be  sure  timing  marks  on  camshaft  gear 
nd  drive  gear  are  indexed,  Fig.  14-1-72, 

iecure  compressor  and  drive  assembly  to  gear  cover  with 
sckwashers  and  capscrews. 

istall  compressor  water  inlet  and  outlet  tubes. 

nstall  size  #4  oil  inlet  hose  between  rifle  drilling  at  front 
if  block  and  compressor  oil  inlet,  unless  bushing-type  ac- 
essory  drive  bore  is  in  gear  cover. 

Jot*:  Use  restrictor-type  fittings  on  externally  lubricated 
ompressor  oil  lines,  Part  No.  69099. 

f  used,  install  oil  outlet  line  to  air  compressor  support  and 
ibricating  oil  filter  head,  after  oil  filter  is  installed. 


Fig.   14-1*72.     Indexing  timing  mark*  on  compressor 
aear  and  camshaft  gear 
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Fig.    14-1-73.     Installing   accessory   drive   pulley 


Accessory  Drive 

1.  Install    accessory   drive   in   gear   cover   oil    seal    and    shaft 
bearing   (or   bushing);   be   sure   to   index   timing   marks   on 
camshaft  gear  and  drive  gear. 

2.  Secure    accessory    drive    to    cover    with    lockwashers    and 
capscrews. 


Accessory  Drive  Pulley 

1.  Insert  key  in  accessory  drive  shaft. 

2.  Slide  pulley  onto  shaft  until  it  binds. 

3.  Using  Pulley  Assembly  Tool,  press  pulley  onto  drive 
shaft,  Fig.  14-1-73. 

4.  Install  flatwasher  and  locknut  (or  capscrew,  if  used). 

5.  Tighten    locknut   (or   capscrew)    to   90/100   ft.    Ib.    [12.4470/ 
13.8300kg  m]. 


Full-Flow  Lubricating  Oil  Filter 

Block-Mounted 

Using  new  mounting  gasket,  position  filter  and  head  as- 
sembly on  block,  Fig.  14-1-74;  secure  with  lockwashers  and 
capscrews. 


Fig.    14-1-74.     Installing    lubricating    oil    filler 
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1.  Secure  mounting  bracket  to  engine  with  lockwashers   a 
capscrews. 

2.  Position    oil    pressure    regulator    and    filter    assembly 
bracket  and  secure  with  lockwashers  and  capscrews. 

3.  Install  lubricating  oil  inlet  and  outlet  lines. 


Remote-Mounted 

If  filter  is  mounted  on  engine,  proceed  as  follows: 


;uel  Pump 


5.  Connect  fuel  supply  line  between  fuel  filter  and  fuel  pump. 


mount  pump  and  new 

lasket  to  compressor  with  buffer,  Fig.  14-1-76,  or  to  acces- 
ory  drive  flange  with  splined  coupling. 

nstall  lockwashers  and  capscrews;  tighten  mounting  cap- 
crews. 

nstall  #10  fuel  inlet  hose  to  fuel  pump, 
nstall  fuel  pump  by-pass  or  fuel  coolant  line. 


Fan,  Fan  Hub  And  Bracket 


Fig.    14-1-76.     Installing  nylon  bulfet  N2146 


Fuel  Filter 


Replaceable  Element  Type 

Position  mounting  bracket  in  desired  location;  secure  with 
lockwashers  and  capscrews. 

Check  fittings  in  filter  head  for  leaks.  Fittings  should  be 
tightened  to  30/40  ft.  Ibs.  [4.1490/5.5320  kg  m]. 

Install  filter  head  to  mounting  bracket;  secure  with  lock- 
washers  and  capscrews. 

Install  a  new  gasket  in  filter  head  and  assemble  case  and 
element.  Tighten  center  bolt  to  20/25  ft.  Ibs.  [2.7660/3.4575 
kg  m]  with  a  torque  wrench. 


1.  Place  fan   hub   and   bracket   assembly   in   position   against 
front  of  block,  Fig.  14-1-80.  Install  flatwashers,  lockwashers 
and  capscrews;  screw  capscrews  in  2  or  3  turns. 

2.  Install    all    "V"    belts;    let    generator/alternator    belt    hang 
loosely  until  generator/alternator  is  installed. 

3.  Tighten  bracket  mounting  capscrews. 

4.  If  fan  hub  is  adjusted  with  adjusting  screw,  adjust  belt  ten- 
sion (See  Belt  Tension,  Page  14-1-29)  by  turning  adjusting 
screw;  then  tighten  shaft  nut  (behind  bracket)  to  400/450 
ft.   Ibs.   [55.3200/62.2350  kg   m]   with  Fan   Hub   Nut 
Wrench. 

5.  If  fan  hub  is  adjusted  with  an   eccentric   shaft,  turn  shaft 
with  Wrench  until  proper  tension  of  belts  is  reached; 
using  Wrench,  tighten   shaft   locknut  to  400/450  ft. 
Ibs.  [55.3200/62.2350  kg  m]. 


Adjust  Injectors  And  Valves 
Injector  Adjustment 

1.  Using  ST-747  Barring  Wrench   on  accessory  drive  pulley, 
Fig.  14-1-81,  bar  engine  in  direction  of  rotation  to  No.  1 
top-center  firing  position.  In  this  position,  intake  and  ex- 
haust valves  for  No.  1  cylinder  are  closed.  If  not,  rotate  en- 
gine one  full  turn. 

2.  Continue  rotating  crankshaft  until  valve  set  mark  on  acces- 
sory drive  pulley  aligns  with  timing  marks  on  gear  cover, 
Fig.  14-1-82  (1-6  VS  on  6-cylinder  engines). 

When  these  marks  align,  the  engine  is 
in  position  to  adjust  valves  and  injector  plungers  for  No.  1 
cylinder. 

3.  Check  intake  and  exhaust  valve  position  of  cylinder  to  be 
adjusted.  See  that  valves  are  closed  and  rocker  levers  free. 

4.  Check  threads  on  adjusting  screw  and  nut.  See  that  they 
are  clean,  well  oiled  and  free-turning. 

5.  Turn  injector  adjusting  screw  down  until  plunger  contacts 


Fig,  14-1-82.    Timing  marks  on  accessory  drive  pulley 
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3.  14-1-80.    Installing  fan  hub  and  bracket  assembly 
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cup.  Turn  adjusting  screw  an  additional  15°  to  squeeze  oil 
from  cup. 

6.  Loosen  adjusting  screw  one  turn. 

7.  Tighten  adjusting  screw  to  48  in.  Ibs.  [.5520  kg  m]  (70°F.) 
[21.1°C.]   setting.   Use   a   torque   wrench   equipped   with   a 
screw  driver   adapter,   graduated   in    inch-pound   divisions, 
and  having  a  maximum  capacity  of  150  in.  Ibs.  [1.7250  kg  m], 
Fig.  14-1-83. 

Setting  at  70°F.  [21.1°C.]  is  48  in.  Ibs.  [.5520  kg  m]. 
Setting  at  140°F.  [60°C.]  is  60  in.  Ibs.  [.6900  kg  m]. 

8.  Tighten  locknut  (with  screw  in  place)   with  torque  wrench 
and  screwdriver  to  70/80  ft.  Ibs.  [9.6810/11.0740  kg  m],  Fig. 
14-1-84. 

9.  Make  final   adjustment  when   engine   is   at  operating   tem- 
perature (140°F.)  [60°C.]. 


14-1-81.    Barring  engine 


N214100  Fig.   14-1-83.    Torquing   injector   lever  adjusting   screw 
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Fig.  14-1-B4.    Torquing  injector  lever  locknut 
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Fig.  14-1-85.    Setting  valve  clearance 
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Valve  Adjustment 

The  same  crankshaft  position  used  in  setting  injectors  is 
used  for  setting  intake  and  exhaust  valves.  Set  valves  after 
injectors  are  adjusted. 

1.  Loosen  locknut  and  adjusting  screw.  Insert  a  feeler  gauge 
between  rocker  lever  and  top  of  valve  stem  or  crosshead 
and  turn  screw  down  until  lever  just  touches  feeler  gauge, 
Fig.  14-1-85  and  Table  14-1-5. 


Table  14-1-5: 

Valve  Seitingi 

Valve 

70°  F.  [21.1°C.] 
In.       [mm] 

90°F.  [32.2°C.] 
In.       [mm] 

Intake 
Exhaust 

0.017  [0.4318] 
0.027  [0.6858] 

0.015  [0.3810] 
0.025  [0.6350] 

2.  Lock   adjusting   screw   in   position   with    locknut.    Recheck 
valve  clearance  after  tightening  locknut. 

3.  Continue  turning   crankshaft  in  direction   of   rotation,  per- 
forming adjustments  until  all  valves  are  adjusted  correctly. 

4.  Make  final  adjustments  when  engine  is  at  operating  tem- 
perature, 140°  F.  [60°  C.].  See  "ENGINE  RUN-IN",  Section 
14-2. 

5.  Continue   adjustments   on   each   cylinder   (in   firing   order) 
until  all  cylinders  are  adjusted.  This  will  require  two  com- 
plete revolutions  of  the  crankshaft 


Engine  Firing  Order 

6  cylinder — right-hand  rotation  — 1-5-3-6-2-4 
6  cylinder — left-hand  rotation  — 1-4-2-6-3-6 


Adjustment  With  Special  Tool 
Injectors 

Use  Adjustment  Tool  with  standard  '/!  in.   [12.701 

mm]  drive  socket  and  torque  wrench. 

1.  Perform   procedures  outlined   in   Steps   1    throuyh   6  undi 
"Injector  Adjustment". 

2.  Place  -fcool   over  rocker  lever  locknut  and  adjusting  sc 
Place  torque  wrench   calibrated   in   foot-pounds   in    tor 
arm  of  tool  anc'  'oosen  locknut. 

3.  Loosen  adjusting  screw  using  torque  wrench  calibrated 
inch-pounds  in  screwdriver  handle  adapter  socket. 

4.  Tighten  adjusting  screw  to  48  in.  Ibs.  [.5520  kg  m]   (7Q''f 


5.  Hold  adjusting  screw  firmly  with  screwdriver  handle 
ST-669;  tighten  VB  in.  [15.8750  mm]  thread  locknut  to  60/' 
ft.  Ib..  [8.2980/9.6810  kg  m],  Vj  in.  [12.7000  mm]  thread  loc 
nut  7/i6'in.  [11.1125  mm]  thick  to  60/70  ft.  Ibs.  [8.2980/9.68 
kg  m],  and  Vi  in.  [12.7000  mm]  thread  locknut  */l6  in.  [7.93' 
mm]  thick  to  30/35  ft.  Ibs.  [4.1490/4.8405  kg  m].  Make  fin 
adjusting  screw  adjustments  when  engine  is  at  operatit 
temperature  (140UF.)  [60°C.]. 


Valves 

1.  Place    tool     over    va've    adjusting    screw    and    lockn 
Loosen  locknut  with  torque  wrench  in  torque  arm  of  too! 

2.  Loosen  adjusting  screw  with  screw  driver  handle  of  too! 

3.  Place  feeler  gauge  between  rocker  lover  and  crosshead 
valve  stem.  See  "Valve  Adjustment"  for  proper  valve  clei 
ance.  Tighten  adjusting  screw  until  proper  valve  clearan 
is  obtained. 


Fig.  14-1-8A.    Jerquing  valve  lever  locknut 


Hold  adjusting  screw  firmly  with  screwdriver  handle  of 
tool  '.'  tighten  %6  in.  [14.2875  mm]  thread  locknut  to  60/70 
tt.  Ibs.  [8.2980/9.6810  kg  m]  Vi  in.  [12.7000  mm]  thread  lock- 
nut  %6  in.  [11.1125  mm)  thick  to  60/70  ft.  Ibs.  [8.2980/9.6810 
kg  m]  and  Vi  in.  [12.7000  mm]  thread  locknut  %6  in.  [7.9375 
mm]  thick  to  30/35  ft.  Ibs.  [4.1490/4.8405  kg  m],  Fig.  14-1-86. 

Note:  Lower  torque  setting  is  necessary  to  compensate  for 
torque  arm  length  on  tool« 


Rocker  Lever  Cover 

Assemble  new  gasket,  washers  and   capscrews  to   rocker 

ever  cover. 

Note:  Some  rocker  lever  covers  have  a  gasket-retaining 
channel.  Use  only  gasket  Part  No.  128428  with  this  style 
rocker  lever  cover. 

Mount  cover  on  engine,  Fig.  14-1-87;  tighten  hold-down 
capscrews. 

On  supercharged  engines,  install  vapor  suction  line  con- 
necting cover  to  supercharger  air  intake. 


Crankcase  Breather 

Install  crankcase  breather  on  cylinder  head  cover. 
Install  vent  tube,  if  used. 

Note:  Use  correct  breather  and  rear  oil  seal  combination. 
See  "Crankcase  Breathers",  Group  3. 


Air  Intake  Manifold 

Assemble  copper  washers,  capscrews  and  new  gaskets  on 
intake  manifold. 

Position  manifold  over  ports  in  cylinder  head,  Fig.  14-1-88; 
secure  capscrews. 

Note:  At  this  time,  perform  all  necessary  installing  and  con- 
necting of  tubing,  inlet  connections,  etc.,  that  must  be  done 
in  conjunction  with  intake  manifold. 


Generator  Or  Alternator 

Secure   generator  bracket(s)   to   engine   with   flatwashers, 
lockwashers  and  capscrews, 

Install  generator  to  bracket;  secure  with  lockwashers  and 
capscrews. 

Install   adjusting   bar  on  generator  and   bracket .    Install       Fig.  14-1-88.   ln«talling  intake  manifold 
and  adjust  belt. 


Fig.  14-1-87.    Installing  cylinder  head  cover 
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Testing  — Unit  1402 


Engine  break-In  and  testing  are  accomplished  simultane- 
ously. Break-in  on  a  new  or  rebuilt  engine  is  necessary  be- 
cause it  provides  an  operating  period  during  which  moving 
parts  acquire  their  final  finish  and  mating  surfaces  reach  a 
full  seat.  Engine  testing  helps  detect  possible  assembly  er- 
rors, need  for  adjustments  as  engine  "breaks  in",  and  es- 
tablishes a  period  for  final  adjustments  for  best  engine 
performance. 

An  engine  dynamometer  provides  the  simplest  and  most 
accurate  tool  for  testing  and  break-in.  Follow  the  instruc- 
tions listed  below  in  sequence  for  prestarting  checks,  dy- 
namometer mounting,  starting,  testing,  adjustments  and 
break-in. 


Priming  The  Fuel  System 

Priming  of  the  fuel  system  is  not  necessary  except  as  an 
aid  to  faster  pickup  of  fuel,  especially  where  the  fuel  tank 
is  located  away  from  the  engine. 

1.  If  fuel  pump  has  a  return  line  to  the  fuel  tank,  a  few  drops 
of  clean  lubricating  oil   in  the  gear  pump  will  aid  in   fuel 
pickup. 

2.  If  the  fuel  pump  return  opening,  next  to  tachometer  drive, 
is  plugged,  remove  plug  and  fill  fuel   pump   housing   with 
clean  No.  2  diesel  fuel. 


3.  Fill  fuel  filter  with  clean  No.  2  diesel  fuel', 


Priming  Lubricating  System 

1.  Fill  crankcase  to  "L"   (low)   mark  on   bayonet  gauge   with 

lubricating  oil.  See  lubrication  order. 

2.  Remove  pipe  plug  from  priming  point. 

a.  When  engine  equipped  with  "bag-type"   full-flow  lubricat- 
ing oil  filter  is  used,  priming  point  is  on  side  of  block,  Fig. 
14-2-1. 

b.  When  engine  with  "paper  element"  full-flow  lubricating  oil 
filter  is  used,  priming  point  is  as  indicated  in  Fig,  14-2-2. 

c.  Engines  with   remote-mounted  full-flow   filters    should    be 
primed  at  inlet  side  of  filter  to  prevent  damage  to  filter 
element. 

Caution:  Priming  the  paper  element  filter   at  the  wrong 
point  will  rupture  the  paper  filtering  media. 


Fig.  14-2-1.    Lubricating  system  priming  point  with  bag-typo  filter     N21 


Fig.  14-2-2.    Lubricating  system  priming  point  with 
paper  element  filler 
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3.  Connect  a  hand  or  motor-driven  priming  pump  line  fr 
source  of  clean  lubricating  oil  to  engine  pri 
Ing  point. 

4.  Prime  until  a  30  psi  [2.1090  kg/sq  cm]  minimum  pressure 
reached. 

5.  Crank  engine  for  a  minimum  of  15  seconds  with  exter 
oil  pressure  at  a  minimum  of  15  psi  [1.0545  kg/sq  cm]. 

6.  Allow  engine  to  fire  and  operate  from  5  to  10  secon 


:hon  shut  clown  engine. 

Remove  external  oil  supply  and  replace  plug,  as  required. 

Check  oil  level  on  dipstick;  bring  level  to  "H"  mark. 

Caution:  After  engine  has  run  a  few  minutes,  it  will  be 
necessary  to  add  lubricating  oil  to  compensate  for  that 
taken  up  by  the  filter  and  oil  cooler. 


Lubricating  Cranking  Motor  And  Generator 

Use  clean  lubricating  oil  to  lubricate  cranking  mo- 

tor bearings:  avoid  excessive  oiling. 

Use  lubricating  oil  to  lubricate  generator  bearings. 

Avoid  excessive  oiling  which  would  damage  wire  insulation. 


Injector  And  Valve  Adjustments 

Injector   plungers    and    valves   should    be    adjusted    before 
starting  the   engine;  refer  to  Group  14-1. 


Engine  Dynamometer 

Check  dynamometer  capacity.  Make  sure  capacity  is  suffi- 
cient to  allow  testing  at  96%  to  100%  maximum  engine 
horsepower.  If  capacity  is  insufficient,  testing  procedures 
must  be  modified  to  prevent  damage  to  dynamometer. 


Installation  of  Engine 

Using  proper  lifting  device,  place  engine  on  dynamometer 
test  stand. 

Position  engine  on  the  front  engine  support  and  prese- 
lected risers  for  the  rear  engine  supports;  secure  engine 
mounting  pads  to  engine  support  risers  with  bolts,  lock- 
washers  and  nuts.  Remove  lifting  device. 

Position  dynamometer  driveshaft  flange  to  engine  flywheel. 
Use  proper  flywheel  adapter  flange  to  match  flywheel  cap- 
screw  holes. 


4.  Check  for  proper  alignment. 

a.  If  direct  or  flexible-drive  coupled,  place  a  dial  gauge  hold- 
ing fixture  on  face  of  flywheel  housing  and  dial  gauge  on 
adapter  flange  hub;  bar  engine  over  to  obtain  reading.  Re- 
locate flange  hub  on  flywheel  as  needed  and  retighten  cap- 
screws.  Flywheel  adapter  flange  must  be  concentric  to  fly- 
wheel and  flywheel  housing  within  0.005  in.  [0.1270  mm]  to- 
tal   runout.   When    using    a   direct-coupled    dynamometer    a 
reading   must   be   taken   from   face   of  flywheel   housing  (o 
outer  edge  of  dynamometer  drive  flange.   It  must  not  ex- 
ceed 0.005  in.  [0.1270  mm]  total  runout  when  barring  dyna- 
mometer over  one  complete  revolution. 

b.  If  universal-drive  coupled,  flywheel  and  dynamometer  drive 
flanges  must  be  concentric  within  0.005  in.  [0.1270  mm]  run- 
out; reading  to  be  taken  as  above.  Install  engine  so  center- 
line  of  engine   crankshaft  and   centerline  of  dynamometer 
drive  shaft  are,  by  design,  out  of  plane  either  horizontally 
or  vertically   from    1A    in.    [6.3500    mm]    minimum    to    '/2    in. 
[12.7000  mm]  maximum.  True  alignment  will  cause  universal 
bearing  failure.  Secure  flywheel  to  drive  flange  with  Jock- 
washers  and  capscrews. 

5.  Connect  water  supply  and  return  hose  to  the  water  cooling 
arrangement. 

6.  Attach  .Flow  Tank  fuel  line  to  the  engine  fuel  drain 
connection. 

7.  Attach  fuel  pump  return  line,  if  used. 

8.  Attach  fuel  supply  line  to  fuel  pump  suction  connection. 

9'  Not  applicable. 


10.  Connect  electrical  wiring  to  cranking  motor  if  motor  is  to 
be  used  for  starting.  If  another  means  of  starting  is  to  be 
used,  make  necessary  connections. 


11.  Connect  throttle  linkage  and  all  instruments  which  are  in- 
cluded on  the  control  panel  of  the  particular  dynamometer 
being  used. 

12.  Connect  exhaust  piping  to  engine  exhaust  manifold. 

13.  Connect  air  intake  piping  to  air  intake  manifold  or  air  inlet 
connection.  Use  a  standard  air  cleaner  approved   for  en- 
gine model  being  tested. 

14.  Connect  a  full-flow  lubricating  oil  filter  to  remove  any  en- 
trapped dirt  or  grit. 

15.  On    naturally-   aspirated    engines,    remove    rocker    housing 
covers  and  plug  vent  holes  in  cylinder  heads  before  mak- 
ing blow-by  check.  Failure  to  do  so  will  give  false  readings. 

Caution:  After  testing,   remove   pipe  plugs   from   cylinder 
heads  of  naturally  aspirated  engines. 

16.  Install  Blow-By    Checking     Tool     to     crankcase 
breather  opening  or  special  rocker  cover  with  adapter.  See 
Fig.  14-2-4. 


19.  Start  engine.  See  "Starting  Procedure". 

20.  Open    coolant   supply   valves   to    heat    exchanger   or 
connection.    Introduce    water    to    the    absorption    uni 
manufacturer's  instructions. 

21.  Check  all  tubing,  hose,  lines,  fittings   and  plugs  for 
Correct  as  necessary. 

22.  For  engine  run-in,  see  "Test  Procedure". 

23.  After   test   remove    plugs    from    naturally   aspirated    ei 
vent  holes  installed  in  Step  15. 


17.  Install  water  manometer  to 


and  fill  manometer  with 


MANOMETtR 


ST-487 


Fig.   14-2-4.    Checking  blow-by  with  ST-487 
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Starting  Procedure 

Normal  Without  Cold-Starting  Aid 

1.  Set  throttle  for  idle  speed. 

2.  Open   manual   fuel   shut-down   valve,  if   used.    Electric 
shut-down  valves  operate  automatically,  or  if  not  energ 
open  by  using  manual  over-ride  knob. 

Note:  A   manual   over-ride    knob   provided   on   the    for 
end  of  the  electric  shut-down  valve  allows  the  valve  I 
opened  in  case  of  electric  power  failure  or  if  power  is 
available    during    testing.    To    use,    open    by    turning 
clockwise. 

3.  Start  engine.  Press  starter  button   (1,  Fig.  14-2-5),  or 
switch  key  to  "start"  position. 

Caution:  Do  not  crank  engine  continuously  for  more 
30  seconds.  If  engine  does  not  fire  within  30  seconds, 
two  to  five  minutes  before  repeating  to  avoid  crai 
motor  damage. 


water  to  "O"  mark  at  middle  of  scale. 

18.  Close  all  openings  that  would  allow  blow-by  pressure  to 
escape.  All  connections  must  be  air  tight. 


I.  -I 


On  engines  equipped  with  an  oil  pressure  switch, 
;l  uy-nnss  awitch  must  be  in  "START"  position  be- 
t-  .•'  priming  pump. 


:  On  engines  with  oil  pressure  safety  switch,  hold  fuel 
iss  switch  in  "START"  position  until  engine  oil  pres- 
ivachcj  7  to  10  psi  [0.4921  to  0.7030  kg/sq  cm];  then 
•  to  "RUN"  position. 


Other  Cold-Starting  Aids 

1.  Ether-Compound  Metering  Equipment  consists  of  a  meter- 
ing chamber  for  ether  compound  capsules  and  controls  to 
release  the  starting  compound  during  cranking. 

The  starting  fluid  is  released  between  air  cleaner  and  su- 
porcharger  on  supercharged  engines.  On  nonsupercharged 
•..•iigines,  it  enters  the  air  intake  manifold.  To  start  engine 
so  equipped: 

a.  Close   shut-off   cock.   If  properly    installed,   the   spring   will 
hold  it  closed. 

b.  Remove  cap  and  insert  capsule  of  starting  fluid. 

c.  Push  cap  down  sharply  to  puncture  capsule:  tighten  one- 
fourth  turn. 

d.  Wait  30  seconds  before  engaging  starter. 

e.  Engage  starter  and,  while  engine  is  being   cranked,  open 
the  shut-off  valve. 

Caution:  Do  not  open  valve  before  cranking  engine  or  all 
fluid  will  drain  into  the  intake  air  before  cranking,  and 
there  will  be  one  excessively  heavy  charge  instead  of  the 
metered  amounts  which  starting  requires. 

f.  After  engine  has  started  and  all  fluid  has  drained  out  of 
chamber,  close  valve  to  keep  dusty  air  out  of  engine. 

g.  Remove    and    discard    empty    capsule;    reassemble    empty 
primer. 

2.  If  the  engine  is  not  equipped  with  a  preheater  arrangement 
or    ether    compound    metering    equipment,    the    following 
method  can  be  used  to  start  the  engine: 

a.  Two  men  will   be  required  for  this  operation;  one  cranks 
the  engine  while  the  other  applies  ether  to  the  air  intake. 

Caution:  Never  handle  ether  near  an  open  flame.  Never 
use  with  preheater  or  flame  thrower  equipment.  Do  not 
breathe  fumes. 


Break-In  Run 
Initial  Starting 

1.  Start  engine  and  idle  at  approximately  800  rpm  no  load  for 
five  to  ten  minutes. 

2.  Check  oil  pressure  and  water  circulation;  look  for  leaks. 


Power  Check 

1.  Run  engine  at  rated  speed  for  5  minutes.  It  should  devf 
96%    of    rated    horsepower   at   standard    fuel    rate.    Ch 
crankcase  pressure  (blow-by). 

2.  If  crankcase  pressure  exceeds  value  shown,  reduce  enc 
speed  and  load  to  preceding  phase;  run  engine  30  to 
minutes. 

3.  Repeat  procedure  described  above  until  engine  devel' 
96%  rated  horsepower  at  standard  fuel  rate  within  pern 
sible  crankcase  pressure  limit. 


At  Each  Phase 


1.  Apply  dynamometer  load  to  develop  horsepower   (±10%) 
at    speed    (±5%)    shown    in    Table    14-2-2    "Dynamometer 
Charts". 

2.  Check  crankcase  pressure  (blow-by)  Refer  to 
Page  14-2-9.   If  pressure  continues  to  drop,  reduce  run-in 
time  by  half;  otherwise,  run  engine  for  time  period  shown 
on  dynamometer  chart. 


At  Phase  1  Only 

1.  Run  engine  until  temperature  reaches  160°  F.   [71°  C.]. 

2.  Add  lubricating  oil  to  bring  level  up  to  "H"  mark  on  bay- 
onet gauge. 


At  Phase  2  Only 

1.  Reset  valves  and  injectors.  See  Section  14-1. 

2.  Set  engine  idle,  governed  speed  and  fuel   rate. 


At  Phase  3 

If  blow-by  rises,  reduce  load  to  preceding  phase  and  run 
for  30  minutes;  then  return  to  original  phase  specifications. 


At  Phase  4 


1.  Run  at  speed  and  horsepower  indicated. 

2.  Check  thoroughly  for  leaks  and  tighten   all   exposed  cap- 
screws. 


Checks  During  Run-In  Test 

During  the   period   of  engine  run-in,  the   following   chei 
should  be  made  frequently: 


Lubricating  Oil 

1.  Lubricating  oil  pressure  should  remain  at  or  near  a  ci 
slant  figure  at  constant  engine  speed  and  load  (see  Ta 
14-2-3)  after  normal  operating  temperature  has  be 
reached.  Abnormal  high  pressures  may  indicate  blocl* 
lubricating  oil  lines.  Abnormal  low  pressures  indicate 
insufficient  supply  of  lubricating  oil  from  the  pump  or 
creased  oil  clearances  which  may  be  due  to  bear 
failure. 


Table  14-2-3:  Normal  Lubricating  Oil  Pressure 


Idle 

PSI  [kg/sq  cm] 


Rated  Speed 

PSI  [kg/sq  cm] 


10/30  [0.7030/2.1090] 


40/75  [2.8120/5.2725] 


Note:  Individual  engines  may  vary  from  above  pressurf 

2.  Temperature    of   lubricating    oil    should    be    approxima' 
225°  F.    [107°  C.]    or    less    during    engine    operation.    If 
temperature    rises    sharply    above    225 2  F.    [107DC.]    s 
down  engine  and  correct  as  necessary. 

3.  The  new  element  or  bags  in  the  lubricating   oil   filter 
absorb  lubricating  oil;  therefore,  engine  must  be  shut  d< 
after  five  or  ten  minutes  operation  and  additional  lubrh 
ing  oil  added  to  crankcase  to  bring  oil  level  to  "H"  IT 
on  bayonet  oil  gauge.  Check  oil  level  every  two  hours  < 
ing  run-in  test. 


ingine  Coolant 

kfter  engine  is  started,  add  coolant  as  necessary  to  com- 
iletely  fill  cooling  system  and  replace  entrapped  air. 

Coolant  should  not  exceed  200°  F.  [93°  C.]  or  drop  below 
60°  F.  [71°  C.]  during  engine  operation. 

)o  not  turn  engine  off  immediately  after  a  load  run.  Heat 
tored  in  the  iron  masses  will  boil  coolant  in  the  jackets 
F  air  and  coolant  circulation  is  immediately  stopped  while 
(ngine  is  hot.  Allow  engine  to  idle  for  a  few  minutes  be- 
ore  shutting  down, 


'uel  Pressures 

.isted  below  are  three  methods  of  checking  fuel  manifold 
iressure.  The  engine  must  be  at  operating  temperature 
md  fuel  system  purged  of  all  air. 

"he  preferred  method  of  checking  engine  manifold  pres- 
iure  is  to  load  engine  on  an  engine  or  chassis  dynamom- 
iter  as  foliows. 

)heck  governor  cut-off. 

U  full  throttle  increase  load  until  engine  is  pulled  down  to 
ated  speed  (accurate  tachometer  must  be  used).  Read  fuel 
nanifold  pressure.  If  engine  fuel  manifold  pressure  is  be- 
ow  minimum  or  above  maximum  specifications 


make  the  following  adjustments. 


"o  Raise  Pressure: 


Screw  out  maximum  throttle  rear  stop  screw  and  utilize 
hrottle  restriction  that  may  be  present. 

Caution:  Do  not  turn  the  screw  out  beyond  maximum 
throttle  opening  point;  otherwise  a  dead  throttle  travel  may 
occur. 

Remove  throttle  shaft  and  add  fuel  adjusting  shims  as  re- 
quired. 

fo  Decrease  Pressure: 

Caution:  Under  no  circumstances  should  engine  manifold 
pressure  be  set  above  maximum  specifications.  Doing  so 
will  void  engine  warranty. 

Remove  throttle  shaft  and  remove  shims  as  required. 

tt  should  not  be  necessary  to  adjust  fuel  manifold  pressure 
sn  a  newly  calibrated  pump  more  than  5  psi  [.3515  kg/sq 
:m].  If  adjustments  greater  than  these  are  required,  fuel 
sump  test,  injector  test  stand  or  engine  problems  may 
sxist. 

Fhe  next  best  method  of  checking  maximum  engine  fuel 
nanifold  pressure  (in  automotive  applications)  is  to  note 
naximum  pressure  while  accelerating  at  full  tfvrottle  when 
going  up  through  the  transmission  ratios.  With  proper 
jauge  snubbing,  this  method  can  be  relatively  accurate,  es- 
Declally  if  a  heavy  load  is  being  pulled  and  engine  accel- 
sration  in  higher  gears  is  slow. 


3.  The  least  preferred  method  of  checking  maximum  engine 
fuel  manifold  pressure  is  the  so-called  "snap"  pressure 
check  method. 

a.  The  "snap"  method  is  not  as  reliable  as  method  1  and  2 
because  the  pressure  reading  is  of  very  short  duration. 

Gauge  inertia,  the  degree,  of  throttle  manipulation,  also  re- 
duces the  reliability  of  "snap"  pressure  readings. 

b.  To  take  "snap"  pressure  readings,  attach  the  ST-435  pres- 
sure gauge  at  the  shut-down  valve   in  the   usual  manner, 
Fig.  14-2-6. 

c.  Disconnect  throttle  control  linkage  at  throttle  lever.  Move 
lever  clockwise  against  stop. 

d.  Start  engine  and  run  engine  speed  up  to  200  to  300  rpm 
above  idle  by  opening  throttle  slightly;  then  snap  throttle 
to  fully  open  position  and  permit  engine  to  accelerate  to 
maximum  speed  while  observing  pressure  gauge.  Note  mo- 
mentary   maximum    pressure.    Take    this    reading    several 
times. 

Due  to  its  poor  reliability  and  inherent  inaccuracy  this 
check  should  not  be  used  to  gauge  fuel  pump  test  stand 
calibration  accuracy. 


Fuel  Lines 

Check  all  fuel  lines  and  fuel  connections;  see  that  they  are 
tight  and  not  leaking. 


Fig.  14-2-6.    Checking  fuel  manifold  pressure 
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Lubricating  Oil  Lines 

1.  Check  all  lubricating  oil  lines  and  connections;  see  that 
lines  on  pressure  side  of  lubricating  oil  pump  are  not  leak- 
ing. 

2.  Leaks  are  harder  to  detect  in  lubricating  oil  suction  lines 
than  on  pressure  side  of  pump.  These  can  generally  be  de- 
tected by  testing  with  oil  from  an  oil  can.  If  suction  lines 
leak,  it  may  cause  foaming  of  oil  in  the  crankcase,   and, 
eventually,  bearing  failure. 


Overspeed  Stop 

1.  Overspeed  stops,  when  used,  are  set  to  trip  and  shut-off 
fuel  supply  when  engine  exceeds  maximum  rated  speed  by 
approximately  15%.   Under  certain   conditions,   overspeed 
stops  may  permit  enough  fuel  to  pass  to  operate  engine  at 
idling  speed. 

2.  After  determining  and  correcting  cause  of  overspeed  stop 
trip,  reset  in  running  position.  See  page  14-2-12  for  adjust- 
ments. 


in  test  so  the  test  mechanic  will  note  any  blow-by  incres 
at  a  given  speed  and  load.  If  there  is  any  indication 
blow-by  increase,  engine  speed  must  be  reduced  for  a  f 
minutes  and  then  brought  back  to  the  original  test  rpm 

2.  During  each  power  check,  keep  a  constant  check  on  1 
manometer;  if  pressure  rises,  more  run-in  is  required.  R( 
resentative  pressure  limits  for  engine  running  at  govern 
speed  and  pulling  96%  to  100%  of  rated  horsepower  i 
given  in  Table  14-2-2. 

3.  If  crankcase  pressure,  or  blow-by,  is  greater  than  valu 
listed    in  Table   14-2-2   at   end   of  testing   period,   engi 
should  be  rejected. 

4.  Conditions  under  which  engines  exceeding  maximum  bio 
by  limits  (specified  in  table)  during  break-in  may  be  i 
cepted  are: 


Engine  Fuel  Rate 

Engine  fuel  rate  (fuel  consumption)  in  Ibs.  per  hr.  is  meas- 
ured by  using  Flow  Tank,  or  a  suitable  means  of 
weighing  the  fuel. 

1.  The  fuel  rate  specified  in  fuel  pump  calibration  specifica- 
tions  is   at   full   throttle   and   rated    speed.    Reference    PT 
Pump  Calibration    Group  501. 

2.  An   engine   dynamometer,  chassis  dynamometer    or   other 
controlled  means  of  loading  engine  must  be  used.  Accu- 
rate fuel  manifold  pressure  and  speed  readings  must  also 
be  taken. 

3.  To  check  engine  fuel  rate,  load  engine  at  full  throttle  until 
engine  speed  is  pulled  down  to,  and  kept  at,  rated  speed 
(check  governor  cut-off  speed  as  described   above  while 
loading    engine).    Note    fuel    manifold    pressure    at    rated 
speed.  Hold  engine  speed  and  load,  stable  at  rated  speed 
long  enough  for  the  flow  meter  float  to  stabilize.  Take  the 
fuel  rate  reading. 

4.  If  weight  scales   are   used,  hold   load   and   fuel   manifold 
pressure  stable  with  full  throttle  at  rated  speed.  With  stop 
watch  or  other  suitable  timer,  check  number  of  pounds  of 
fuel  to  be  used  in  a  five-minute  period  of  time  (this  can 
then  be  multiplied  by  twelve,  giving  the  Ibs.  per  hr.  fuel 
rate).  Run  several  checks  and  average  the  readings,  if  they 
vary  several  Ibs.  Note  full  power  smoke  level  for  use  in 
analyzing  engine  performance. 


Blow-By  Readings 

t.  Manometer  readings  must  be  taken  frequently  during  run- 


Operate  30  minutes  extra  at  96-100%  rated  load  and  RP 
If  there  is  no  rapid  change  in  excess  of  2  in.  [50.8  mm] 
water  and  reading  does  not  exceed  125%  of  representati 
pressure,  blow-by  is  acceptable. 


Load  Applications  (Installed  Engine) 

After  run-in  procedure  described  above,  it  should  be  < 
plained  to  the  operator  that  during  long  hard  pulls  in  i 
cess  of  ten  minutes  of  continuous  operation,  it  is  best 
drop  to  a  lower  gear  (or  reduce  load)  to  prevent  maxim 
horsepower  demand  during  the  first  50  hours  of  operatii 
This  gives  new  parts  a  chance  to  "wear  in"  without  und 
stress  and  strain. 


Chassis  Dynamometer  Tests 

If  the  engine  is  installed  in  equipment,  it  may  be  tested 
a  chassis  dynamometer  as  follows: 

1.  Read  instruction  manual  before  attempting  to  operate  c 
namometer. 

2.  If  ratchet  pawls  are  used,  locate  in  extreme  safety  po 
tion  before  running  vehicle  on  dynamometer. 

3.  Check  coolant  and  oil  supply  in  vehicle.   If  low,  vehii 
may  overheat  on  test. 

4.  Lubricate  dynamometer  as  recommended  by  manufactur 

5.  Check  instruments. 

6.  Introduce  cooling  water  to  dynamometer  as  recommend 


f  manufacturer.  Be  sure  main  water  supply  valve  is  open 
stween  water  source  and  dynamometer  control  valves. 

o  not  allow  absorption  unit  to  operate  at  temperatures 
jove  maximum  specified  by  dynamometer  manufacturer. 

perate  vehicle  in  highest  gear. 

oils  and  flywheel  must  be  stopped  before  engaging. 

o  not  exceed  recommended  speed  of  units. 

ake   precautions  to   keep  water  out  of  bearings,  torque 
ridge,  generator,  etc. 


a.  Operate  at  one-half  to  three-quarters  throttle.  Do  not  op- 
erate at  maximum  horsepower  for  more  than  five  minutes 
at  a  time. 

b.  Do  not  idle  the  engine  for  long  periods  as  this  will  cause 
cylinder  walls  to  glaze  before  the  piston  rings  seat  prop- 
erly and  result  in  excessive  lubricating  oil  consumption. 

c.  Watch  the  instruments  closely.  Decrease  engine  rpm  if  oil 
temperature  reaches  250°  F.  [121°  C.]  or  if  coolant  temper- 
ature exceeds  190°  F.  [88°  C.]. 

d.  Operate   with   a  power   requirement   low  enough   to   allow 
acceleration  to  governed  speed  under  any  condition. 


aintenance  of  Dynamometer 

allow  manufacturer's  maintenance  instructions  to  service 
/namometer. 


alibrating  Instruments 

eep  beam  or  spring  scales  properly  calibrated. 

ollow  manufacturer's  recommendation  when  recalibrating 
necessary. 

instruments  need  adjustment,  follow  manufacturer's   in- 

:ructions. 


i-Chassis  Run-in 

i-chassis  repaired  engines  should  receive  run-in  equiva- 
int  to  that  on  an  engine  dynamometer.  Follow  procedure 
iven  below  after  an  in-chassis  repair  or  rebuild. 

tart  engine.  Idle  at  800  to  1000  rpm,  no-load,  for  5  to  10 

linutes. 

:heck  oil  pressure  and  water  circulation.  Correct  any 
saks, 

:  possible,  place  unit  on  chassis  dynamometer  and  op- 
rate  at  30%  rated  load  and  75%  rated  speed.  Limit  run-in 
3  one  hour. 


un-in  (No  Dynamometer) 

an  engine  or  chassis  dynamometer  is  not  available,  op- 
rate  engine  at  one-fourth  to  one-half  throttle  for  the  first 
to  3  hours. 

luring  next  45  to  50  hours  operate  at  50°/o  to  65°A>  throttle. 
io  not  operate  engine  at  full-load  and  speed  in  excess  of 
no  minutes  continuously  at  any  time.  After  short  runs  (2 


Engine  Storage— Unit  1403 


On  any  engine  not  in  service,  whether  installed  in  equip- 
ment or  waiting  to  be  installed,  the  unpainted  machined 
surfaces  are  subject  to  rust  and  corrosion.  Often  an  en- 
gine is  not  prepared  for  storage  with  rust-proofing  meas- 
ures taken,  because  it  is  not  thought  that  the  engine  will 
be  out  of  service  for  a  long  period.  However,  any  engine 
temporarily  stored,  whether  one  taken  out  of  service  or  a 
new  engine  not  yet  placed  in  service,  is  subject  to  rust 
damage. 

The  rate  of  corrosion  varies  with  climatic  conditions.  An 
engine  stored  in  a  climate  with  a  high  amount  of  moisture 
in  the  air  will  corrode  more  rapidly  than  an  engine  stored 
in  a  dry  climate.  Variance  in  climatic  conditions  makes  it 
impossible  to  state  the  lencth  of  time  an  engine  can  be 
stored  without  rust  and  corrosion  damage. 


Temporary  Storage 


termittent  turning  of  switch  key  or  by  tapping  starter  button. 

Caution:  Disconnect  line  from  fuel  pump  to  fuel  manifold 
and  crank  slowly  to  prevent  engine  from  starting. 

8.  Install  intake  manifold  and  cover  opening  with  tape  to  pre- 
vent entrance  of  dirt. 

9.  Remove    rocker    housing    covers    and    spray    rocker    arms, 
valve  stems,  springs,  guides  and  push  tubes  with  SAE  10 
lubricating  oil.  Replace  covers. 

10.  Cover  all  engine  openings,  including  coolant  inlets  to  cyl- 
inder head,  cylinder  block,  oil  breather  and  crankcase. 

11.  Loosen  V-belt  tension. 

12.  Drain  coolant  from  cooling  system  unless  it  is  permanent- 
type  antifreeze  with  rust  inhibitor  added. 

13.  Store  engine  in  a  place  protected  from  weather  where  air 
is  dry  and  temperature  uniform. 


If  an  engine  remains  out  of  service  for  three  or  four  weeks 
(maximum  six  months)  and  its  use  is  not  immediately  forth- 
coming, special  precautions  should  be  taken  to  prevent 
rust.  Only  the  operations  listed  below  are  required  to  min- 
imize or  prevent  damage  resulting  from  lack  of  attention 
to  temporarily  stored  engines. 

1.  Using   diesel    fuel,   the   engine    must   be    started    and    the 
speed  gradually  increased  to  1,200  rpm  or  a  fast  idle,  with 
no  load,  and  operated  until  the  engine  is  thoroughly  warm. 

2.  Engine  fuel  intake  line  must  be  disconnected  at  the  most 
easily  accessible   point  nearest  the  fuel   tank.   Connect   a 
line  from  a  portable  container  filled  with  diesel  fuel  U.  S. 
Specification  VV-F-800  Grade  DF-2  to  the  fuel  inlet. 

3.  A  line  should  be  provided  and  connected  to  the  injector 
fuel    return   quick-disconnect   coupling   to    permit   draining 
into    a    recovery    container.    Recovered    fuel    oil     mixture 
should  not  be  reused  for  preserving  other  engines. 

4.  Start  engine  and  accelerate  to  3A  speed;  at  the  same  time 
switch  fuel  supply  to  a  portable  container  filled  with  pre- 
servative oil,  U.  S.  Military  Specification  Mil-1-644  type  P-9. 
Operate  engine   until   entire  fuel   system   and   internal   op- 
erating surfaces  are  coated  with  preservative  oil  (this  takes 
from  5  to  10  minutes).  Stop  engine  and  reconnect  fuel  lines. 

5.  The  sumps,  fuel  filters  and  fuel  tank,  if  so  equipped,  must 
be  drained  and  drain  plug  reinstalled. 

6.  Remove  engine  intake  manifold. 

7.  Spray  SAE   10   lubricating   oil    into   exhaust   manifold    and 
each  intake  port  while  cranking  engine  over  slowly  with  in- 


Permanent  Storage 

1.  When  an  engine  is  to  be  stored  for  a  long  period  (more 
than  six  months),  the  lubricating  and  fuel  systems  should 
be  treated  with  rust-proofing  preservative  oil.  The  preserv- 
ative oil  should  conform  to  U.  S.  Military  Specification  Mil- 
L-21260,  type  P-10,  Grade  2,  SAE  30. 

2.  Loosen  V-belt  tension. 

3.  The  cooling  system  should  be  protected  from  rust  and  cor- 
rosion with  a  rust  preventive  compound  conforming  to  U.  S. 
Military  Specification  MM-C-4339B. 

4.  To  protect  the  engine  exterior  and  unpainted  surfaces,  use 
a  rust  preventive  compound  conforming  to  Type  P-2,  grade 
1  or  2,  as  described  in  U.  S.  Military  Specification  Mil-C- 
16173C. 


5.  Although  the  preservative  materials  may  be  added  to  and 
used  for  the  same  purpose  repeatedly,  they  must  be  kept 
clean.  When  repeatedly  used,  the  accumulated  dregs 
should  be  removed  after  being  allowed  to  settle. 


Application  of  Engine  Preservatives 

1.  Drain  lubricating  oil  from  all  filters  and  crankcase.  Drai 


all  mounted  accessories  such  as  air  compressor,  governor, 
sil  cooler,  etc.,  that  are  supplied  with  oil  from  the  engine 
:rankcasa.  Replace  all  plugs. 

rill  crankcase  to  full  mark  on  bayonet  gauge  or  dipstick 
with  preservative  oil,  U.  S.  Military  Specification  Mil-L- 
21260,  type  P-10,  Grade  2  SAE  30. 

Remove  rocker  housing  cover  and  spray  preservative  oil 
aver- rocker  levers,  valve  stems,  springs,  guides,  cross- 
leads  and  push  tubes.  Replace  cover. 

Jsing  diesel  fuel,  the  engine  should  be  started  and  the 
speed  gradually  increased  to  1200  rpm  or  a  fast- idle,  with 
10  load,  and  operated  until  the  engine  is  thoroughly  warm. 

Engine  fuel  intake  line  should  be  disconnected  at  the  most 
easily  accessible  point  nearest  the  fuel  tank.  A  line  from 
»  portable  container  filled  with  diesel  fuel  U.  S.  Specifica- 
:ion  VV-F-800,  Grade  DF-2  must  be  connected  to  line  lead- 
ng  to  engine. 

^  line  must  be  provided  and  connected  to  the  injector  fuel 
•eturn  quick-disconnect  coupling  to  permit  draining  into  a 
•ecovery  container.  Recovered  fuel  oil  mixture  should  not 
ae  reused  for  preserving  other  engines. 

Start  engine  and  accelerate  to  V<  speed;  at  the  same  time 
switch  fuel  supply  to  a  portable  container  filled  with  pre- 
servative oil  U.  S.  Military  Specification  Mil-L-644  type  P-9. 
Operate  engine  until  entire  fuel  system  and  internal  op- 
erating surfaces  are  coated  with  preservative  oil  (this  takes 
from  5  to  10  minutes).  Stop  engine  and  reconnect  fuel  lines. 

The  fuel  tank,  if  so  equipped,  must  be  drained  and  drain 
plug  reinstalled. 

Disconnect  turbocharger  or  supercharger  to  keep  preserv- 
ative oil  from  entering  them. 

Operate  engine  for  five  minutes  at  idling  speed  to  insure 
thorough  distribution  of  preservative  oil.  Stop  engine  and 
drain  all  sumps,  filters-  and  crankcase.  Replace  all  plugs 
after  draining. 

Disconnect  supply  lines  from  portable  container  and  re- 
connect fuel  line  to  fuel  pump. 

Remove  intake  and  exhaust  manifolds. 

Spray  all  intake  and  exhaust  ports,  including  air  compres- 
sor intake  port,  with  preservative  oil. 

Replace  intake  and  exhaust  manifolds. 

If  air  starter  is  used,  remove  exhaust  plate  from  top  of 
starting  motor  and  spray  with  preservative  oil.  Replace  ex- 
haust plate. 

Inspect  coolant  in  cooling  system.  If  coolant  is  contami- 
nated, drain  and  flush  with  U.  S.  Military  Specification  MiJ- 
C-10597;  if  required,  fill  with  rust  preventive  compound  U. 
S.  Military  Specification  Mil-C-43398.  Drain  and  replace 
plug. 

Brush  or  spray  a  film  of  rust  preventive  compound  U.  S. 


Military   Specification   MN-C-16173C,   Grade   3   on    all   eX 
posed,  unpainted  surfaces  of  engine. 

18.  Cover  all  engine  openings,  including  manifold  exhaust  and 
intake  ports,  coolant  inlets  to  cylinder  head  and  block,  oil 
breather  and  crankcase,  with  heavy  paper  and  tape. 

19.  Tag  engine  to  indicate  that  it  has  been  treated  with  pre- 
servatives and  should  not  be  turned  over  until  ready  to  run 
due  to  possible  reduction  of  the  protective  film.  Tag  should 
show  coolant  has  been  removed.  The  tag  should  show  date 
of  treatment  and  indicate  that  engine  is  not  ready  to  run 
without  prior  removal  of  film. 

20.  Store  engine  in  a  place  protected  from  weather  and  where 
air  is  dry  and  temperature  uniform,  if  possible. 

Note:  Engines  in  storage  more  than  24  months  should,  if 
practical,  be  thoroughly  flushed  out  with  a  suitable  solvent 
or  light,  hot  oil  and  then  be  reprocessed  with  rust  pre- 
ventive materials.  Periodically  inspect  engines  for  rust  or 
corrosion.  Take  corrective  action  if  necessary. 


Preparing  A  Stored  Engine  For  Service 

When  an  engine  is  removed  from  storage  and  put  into  serv- 
ice, the  operations  listed  below  should  be  performed.  In- 
spections will  be  limited  to  operations  indicated  for  appli- 
cable length  of  storage  time. 


Clean  Engine  Thoroughly 

1.  Clean  off  all  accumulated  dirt  from  exterior  of  engine. 

2.  Remove  all  paper  covers,  tape  and  wrappings. 

3.  Use  suitable  solvent,  cleaner  or  degreaser  to  remove  rust 
preventive  compound  from  unpainted  surfaces  of  the  en- 
gine. 

4.  Remove  plug  from  oil  header  and  force  hot,  light  mineral 
oil  through  the  oil  passages  to  flush  away  all  preservative 
oil  and  gummed  oil  that  may  have  accumulated.  Bar  engine 
over  three  or  four  times  during  flushing  operation. 

5.  Flush  cooling  system. 


Inspection 

The  length  of  time  the  engine  has  been  in  storage  deter- 
mines scope  of  inspection  advisable  before  starting  engine. 

1.  When  an  engine  has  been  stored  for  six  months  or  less,  it 
is  necessary  to  make  only  a  routine  initial  inspection.  This 
inspection  includes  adjustment  of  injectors,  valves  and  fan 
belts,  and  checking  head  studs  or  capscrews,  oil  filter  and 
connections,  air  filter,  screens  and  traps. 


2.  When  an  engine  has  been  stored  for  a  period  of  six  months 
or  more,  the  following  inspection  procedure  should  be  fol- 
lowed: 

a.  Flush  entire  fuel   system  with  clean   fuel   oil   until   all   pre- 
servative oil  is  removed. 

b.  Remove  all  screens  and  check  to  make  sure  they  are  clean 
before  engine  is  started. 

c.  Remove   and    inspect  one   main    bearing   and   one   cylinder 
liner.  If  they  are  in  good  condition,  it  is  safe  to  assume  the 
others  are  in  similar  condition.  If  evidence  of  corrosion  is 
found,  complete  disassembly  and  inspection  is   necessary. 
If  no  corrosion  is  evident,  proceed  with  inspection  as  out- 
lined for  "engine  stored  less  than  six  months". 


Precautions 

When  the  combustion  chambers  are  treated,  remember  that 
total  volume  of  combustion  space  is  small  and  any  exces- 
sive preservative  oil  may  cause  hydrostatic  lock,  seriously 
damaging  engine  if  it  is  started  before  all  the  oil  is  re- 
moved. 

When  recommissioning  a  stored  engine,  care  should  be 
taken  to  see  that  any  foreign  matter  which  may  collect  on 
screens  and  strainers  during  initial  operation  is  removed 
before  considering  the  engine  properly  prepared  for  future 
service. 


Starting  the  Engine 

After  inspecting  the  engine  and  parts,  make  sure  all  pre- 
servative oil  and  gummed  oil  has  been  flushed  away.  Start 
engine  as  described  in  Section  II  of  Operation  and 

Maintenance, 


Flywheel  and  Housing  — Unit  1501 


In  selectina  flywheels,  check  carefully  for  safe-speed  rat- 
ing. Flywheels 
must  not  be  applied  over  their  rated  safe  speed. 

No  attempt  should  be  made  to  remachine  flywheels  in  a 
shop  that  is  not  equipped  to  maintain  factory  standards 
both  as  to  dimensions  and  static  balance.  The  static  bal- 
ance tolerance  of  flywheels  is  1  in.  oz.  [144.0160  g  cm]  max- 
imum. 

Caution:  Never  reface  flywheel  beyond  point  where  clutch 
face  is  less  than  «/•  in.  [15.8750  mm]  thick. 


with   a  heating   torch  —  not   a  cutting   torch  — from    insid 
diameter  so  heat  travels  outward  to  teeth. 

2.  Use    a    Tempilstick    crayon    or    equivalent    to    determin 
amount  of  heat  applied, 

a.  Stroke  gear  with  600°  F.   [31 5.6°  C.]   crayon   several    time 
while  applying  heat. 

b.  The    crayon    will    leave    a    chalk    mark    until    temperatur 
reaches  600°  F.  [315.6°  C.).  At  600°  F.  [315.6°  C.),  the  era] 
on  will  leave  a  liquid  smear. 

Caution:   Overheating   to   temperatures   above    660° 
[348.9°  C.]  will  softan  gear. 

3.  Place  ring  gear  on  flywheel  and  quickly  drive  onto  flywhei 
until  gear  is  firmly  seated. 


3*  One  of  the  most  important  factors  of  good  service  from 
the  engine  and  drive  units  is  proper  flywheel  and  housing 
alignment.  Consult  Group  14  for  alignment  procedures  to 
be  followed  during  engine  assembly. 


Replacement  Of  Flywheel  Ring  Gears 

Inspection  and  Removal 

1.   Inspect  ring  gear  for  broken  or  cracked  teeth. 

1.  If  replacement  is  necessary,  drive  gear  from  flywheel  with 
blunt  chisel. 


Replacement 

1.  If  an  oven  with  a  heat  control  is  not  available,  heat  gear 


Specifications  and 
Wear  Limits 


Worn  limits  as  stated  in  this  manual  indicates  that  the  part 
may  be  reused  if  it  is  at  the  worn  limit.  Discard  only  if  it 
exceeds  the  worn  limit.  Of  course,  the  reuse  of  any  part  is 
partially  the  responsibility  of  the  person  making  the  inspec- 
tion, as  it  could  well  be  damaged  in  an  area  not  listed  as 
a  worn  limif,  thus  making  it  unfit  for  further  use. 
Limits  are  given  in  U.S.  and  Metric  measurements.  All 
Metric  units  are  enclosed  in  brackets  []. 


Unit 
No. 


Part  or  Location 


101      Cylinder  Block 

Installed  Camshaft 

Bushing  Inside  Diameter 
Camshaft  Bushing  Bore 
In  Block  No.  2-7 

No.  1  Bore  for  Thrust  Plate 

Cylinder  Liner  Counterbore 
Inside  Diameter 

Oversize  Flange  Liners 

Cylinder  Liner  Counterbore 
Depth 

Cylinder  Liner  Protrusion 

Liner-to-Block  Clearance  — 
Lower  Bore 

Diametrical 
Lower  Liner  Bore 

Inside  Diameter 
Main  Bearing  Bore 


Tappet  Bore  In'Block 
Injector 

Valve 
Idler  Gear  Shaft 

Cylinder  Block  Height 
From  Main  Bearing  Bore 
Center  Line 

From  Top  of  Alignment  Bar 

Cylinder  Liner  Counterbore 
Shims 


C  Series 
New 
Minimum 

New 
Maximum 

Worn 
Limit 

1  .8745 
[47.6123] 

1.8765 
[47.6631] 

1.8780 
[47.7012] 

2.0035 
[50.8889] 
2.1245 
[53.9623] 

2.0045 
[50.9143] 
2.1255 
[53.9877] 

2.005.5 
[50.9397] 
2.1265 
[54.0131] 

5.187 
[131.7498] 
None 

5.189 
[131.8006] 
None 

0.3092  0.3105  0.4023 

[7.8536]  [7.8867]-  [10.2184] 

0.004  0.006 

[0.1016]  [0.1524] 

Liner  May  Contact  Block  if  it  Does  Not  Force  Liner  Out  of  Round 


0.005 

[0.1270] 

4.933 

[125.2982] 

4.1240 

[104.7496] 


T3T20 
[33.3248] 
1.1870 
[30.1498] 
1.4975 
[38.0365] 


0.009 

[0.2286] 

4.935 

[125.3490] 

4.1250 

[104.7750] 

"T3T30 

[33.3502] 
1.1880 
[30.1752] 
1 .4985 
[38.0619] 


4.1255 
[104.7877] 

1.314.5.. 

[33.3883] 

1.1895 

[30.2133] 

1.4995 

[38.0873] 


15.122 

15.124 

15.114 

[384.0988] 

[384.1496] 

[383.8956] 

13.0600 

13.0615 

13.0500 

[331  .7240] 

[331.7621] 

[331.4700] 

0.0063 

0.0077 

Pt.  No.  124107 

[0.1600] 

[0.1955] 

0.0072 

0.0088 

Pt.  No.  124108 

[0.1828] 

[0.2235] 

0.0081 

0.0099 

Pt.  No.  124109 

[0.2057] 

[0.2514] 

0.018 

0.022 

Pt.  No.  124110 

[0.4572] 

[0.5588] 

Part  Name  or  Location 


Main  Bearing  Cap 

Fit  In  Block 

Main  Bearing  Capscrew 
Tightening 

1.  Tighten  to 

2.  Advance  to 

3.  Loosen 

4.  Tighten  to 

5.  Advance 

02  Cylinder  Liner 

Cylinder  Liner  (I.D.)—- 

Cast  Iron 
Cylinder  Liner  Protrusion 

03  Idler  Gear 

Idler  Gear  Bushing  (I.D.) 

Gear  Hub  Bushing  (I.D.) 
Idler  Gear  Hub 

Idler  Thrust  Washers  — 
Part  Nos.: 
68631 

68632 
68633-1 

04  Crankshaft 
Crankshaft  Dimensions 

05  Bearings 

Standard  Bearing  Shell 
Thickness 
Main  Bearing 

Connecting  Rod 

Journal  Oil  Clearance 
Main 

Connecting  Rod 

Crankshaft  Thrust  Bearings  • 
Part  Nos.: 
150310 


C  Series 

New 

New 

Worn 

Minimum 

Maximum 

Limit 

0.028 

0.034 

[0.7112] 

[0.8636] 

Pt.  No.  124111 

—  0.002 

—  0.004 

0.001 

[—  0.0506] 

[—0.1016] 

[0.0254] 

65  ft.  Ib. 

75  ft.  Ib. 

[8.9895  kg  m] 

[10.3725  kg  m] 

140ft.  Ib. 

150  (lib. 

[19.3620  kg  m] 

[20.7450  kg  m] 

All 

45ft.  Ib. 

50ft.  Ib. 

[6.2235  kg  rn] 

[6.9150kgm] 

60° 

4.4370 

4.4380 

4.4420 

[112.6998] 

[112.7252] 

[112.8268] 

0.004 

0.006 

[0.1016] 

[0.1524] 

2.125 

2.126 

2.127 

[53.9750] 

[54.0004] 

[54.0258] 

1.500 

1.501 

1.502 

[38.1000] 

[38.1254] 

[38.1508] 

2.1225 

2.1235 

2.1215 

[53.9115] 

[53.9369] 

[53.8861] 

0.096 

0.106 

0.091 

[2.4384] 

[2.6924] 

[2.3114] 

0.061 

0.063 

0.059 

[1.5494] 

[1.6002] 

[1.4986] 

0.192 

0.194 

0.190 

[4.8768] 

[4.9276] 

[4.8260] 

Refer  to  Table  1-4-1,  Page  1-4-3. 


0.1231 
[3.1267] 
0.0722 
[1.8338] 

0.0018 
[0.0457] 
0.0020 
[0.0508] 


0.161 
•[3.8354] 


0.1236 
[3.1394] 
0.0727 
[1.8465] 

0.0048 
[0.1219] 
0.0045 
[0.1143] 


0.153 
[3.8862] 


0.1216 
[3.0886] 
0.0710 
[1.8034] 

0.0068 
[0.1727] 
0.0080 
[0.2032] 


Unit 

No. 


Part  Name  or  Location 

150311 
150312 
Crankshaft  End  Clearance 


106     Vibration  Dampers 

Alignment  Mark  —  Rubber 

Eccentricity  and  Wobble 


107  Counterbalancer 

Oil  Pan-Enclosed 
Housing  Bushing 

Shaft  Journal 

Block-Mounted 
Housing  Bushing 

Shaft  Journal 

108  Connecting  Rods 

Template  Tightening 
"U"-Bolt  Nuts: 

1.  Tighten  to 

2.  Advance  to 

3.  Loosen 

4.  Tighten  to 

5.  Advance  to 

6.  Advance 
Torque 'Check 

Connecting  Rod  Dimensions 
Crankpin  Bore 

Out  of  Round 
Piston  Pin  Bushing 

Connecting  Rod  Twist 
Without  Bushing 

With  Bushing 
Connecting  Rod  Length 
Bore  Misalignment 

109  Piston  and  Piston  Rings 

Piston  Ring  Gap  (New  or 
reconditioned  liner) 


C  Series 

New 

Minimum 

0.161 

[4.0894] 

0.171 

[4.3434] 

0.004 

[0.1016] 


2.0015 
[50.8381] 
1 .9975 
[50.7365] 


15ft.  tb. 
[2.0745  kg  m] 
30  ft.  Ib. 
[4.1490  kg  m] 
All 

15ft.  Ib. 
[2.0745  kg  m] 
30  ft.  Ib. 
[4.1 490  kg  m] 
60° 

38  ft.  Ib. 
[5.2554  kg  m] 

2.7725 
[70.4215] 


1 .5000 
[38.1000] 


9.498 
[241.2492-] 


0.013 

[0.3302] 


New 

Worn 

Maximum 

Limit 

0.163 

[4.1402] 

0.173 

[4.3942] 

0.015 

0.022 

[0.3810] 

[0.5588] 

Me 

KB 

[1.5875] 

[1.5875] 

0.030 

0.030 

[0.7620] 

[0.7620] 

2.0045 
[50.9143] 
1.9985 
[50.7619] 


20  ft.  Ib. 
[2.7660  kg  m] 


2C  ft.  Ib. 
[2.7660  kg  m] 


2.006 
[50.9524] 
1.996 
[50.6984] 


2.7730 
[70.4342] 


1.5005 
[38,1127] 


9,500 
[241.3000] 


0.023 
[0.5842] 


0.0015 
[0.0381] 
1.5015 
[38.1381] 

0.020 
[0.5080] 
0.010 
[0.2540] 


±  0.001 
[±  0.0254] 

Pt.  No.  112880 


Part  Name  or  Location 


C  Series 

New 

Minimum 

0.013 

[0.3302] 

0.013 

[0.3302] 

0.015 

[0.3810] 


New 
Maximum 

0.023 

[0.5842] 

0.023 

[0.5842] 

0.055 

[1.3970] 


Worn 
Limit 

Pt.  No.  144970 
Pt.  No.  145150 
Pt.  No.  118630 


Standard  Piston  Skirt 


[21.1°  C.]) 


Diameter  (70°  F, 
130360,  130500 

144840*,  149200 
168430 
117470 

117110,  117380 
117250,  124860 
117450,  126420 
117440,  126410 
117460,  126430 
130180,  130190 


146300' 

"Three-Ring  Piston 
Piston  Pin  Bore 

Piston  Pin  Diameter 
Pistons  and  Rings  Oversize 

Camshaft 

Camshaft  Journal  Diameter 
No.  1  Journal  only 

All  Other  Journals 

Camshaft  Lobe  Lift 

Gear  Cover 

Accessory  Drive  Bushing  I.D. 

139810  Std. 

139811  0.010  in. 
[0.2540  mm] 

139812  0.020  in. 
[0.5080  mm] 

Cylinder  Head 

Crosshead  Guide  Dimensions 
Tubular  type  (I.D.) 


4.4275 

[112.4585] 

4.4300 

[112.5220] 

4.4300 

[112.5220] 


4.4285 

[112.4839] 

4.4310 

[112.5475] 

4.4310 

[112.5475] 


4.4245 

[112.3823] 

4.4270 

[112.4458] 

4.4270 

[112.4458] 


1.4988 

1.4990 

1.5000 

[38.0695] 

[38.0746] 

[38.1000] 

1  .4988 

1.4990 

1.4978 

[38.0695] 

[38.0746] 

[38.0441] 

0.020 

0.030 

0.040 

[0.5080] 

[0.7620] 

[1.0160] 

1.747 

1.748 

1.746 

[44.3738] 

[44.3992] 

[44.3484] 

1.872 

1.873 

1.871 

[47.5488] 

[47.5742] 

[47.5234] 

See  Table 

1-10-3,  Page  1-10-3 

1.314 

1.319 

1.3205 

[33.3756] 

[33.5026] 

[33.5407] 

1  .304 

1.309 

1.3105 

[33.1216] 

[33.2486]' 

[33.2867] 

1.294 

1.299 

1.3005 

[32.8676] 

[32.9946] 

[33.0327] 

0.3755 

0.3760 

0.3780 

[9.5377] 

[9.5504] 

[9.6012] 

Unit 


„ 

Part  Name  or  Location 

Solid  type  (O.D.) 
Head  Height 


203      Valve  Seats  and  Inserts 

Valve  Seat  Insert  Run-Out 


204      Valve  Crossheads 

Crosshead  Dimensions 
Solid  Stem  (O.D.) 

Tubular  Stem  (I.D.) 


205      Valves,  Guides  and  Springs 

Valve  Stem  Dimensions 
Four-valve  Head 

Two-valve  Head 

Valve  Guide  I.D. 
Four-valve  Head 

Two-valve  Head 

Valve  Guide  Protrusion 
Four-valve  Head 

Two-valve  Head 
Valve  Spring  Data 

301      Rocker  Levers  and  Cover 

Rocker  Lever  Bushing  (I.D.) 

Rocker  Lever  Shaft  (O.D.) 


302      Push  Tubes 

Valve  Push  Tube 
Ball  End 


Socket  End 
(Spherical  I.D.) 


Injector  Push  Tube 
Ball  End 


Socket  End 
(Spherical  I.D.) 


C  Series 

New 

New 

Worn 

Minimum 

Maximum 

Limit 

0.3750 

0.3755 

0.3740 

[9.5250] 

[9.5377] 

[9.4996] 

5.000 

5.010 

4.970 

[127.000] 

[127.2540] 

[126.2380] 

Refer  to  Table  2-3-1,  Page  2-3-2. 
0.002 
[0.0508] 


0.3708 

[9.4183] 

0.376 

[9.5504] 


0.3713 
[9.4310] 
0.378 
[9.6012] 


0.370 
[9.3980] 
0.380 
[9.6520] 


0.3400  0.3410  0.3390 

[8.6360]  [8.6614]  [8,6106] 


0,3425  0.3432  0.3442 

[8.6995]  [8.7172]  [8.7426] 


1.240  1.260 

[31.4960]  [32.0040] 

Refer  to  Table  2-5-4,  Page  2-5-4. 


1.1245 
[28.5623] 
1.1230 
[28.5242] 


0.624 
[15.8496] 

0.4995 
[12.6873] 


0.685 
[17.3990] 

0.4995 
[12.6873] 


1.1275 
[28.6385] 
1.1235 
[28.5369] 


0.625 

[15.8750] 


0.5005 
[12.7127] 


0.687 
[17.4498] 


0.5005 
[12.7127] 


1.1285 
[28.6639] 
1.1220 
[28.4988] 


Unit 
No. 


Part  Name  or  Location 

Tappets 

Injector  Tappet  Assembly 
Body  (O.D.) 

Roller  (O.O.) 

Roller  (I.D.) 

Rollrn  Pin  (O.D.) 

Roller  Side  Clearance 

Roller  Concentricity 
Assembled 

Roller  Squareness 
Assembled 

Valve  Tappet  Assembly 
Body  (O.D.) 

Roller  (O.D.) 
Roller  (I.D.) 
Roller  Pin   (O.D.) 
Roller  Side  Clearance 

Roller  Concentricity 
Assembled 

Roller  Squareness 
Assembled 


701  Lubricating  Oil  Pan 

Oil  Pan  Capacity 
and  Angularity 

702  Lubricating  Oil  Lines 
Hose  Bends 


C  Series 

New 

Minimum 


1.3100 

[33.2740] 

1.1230 

[28.5242] 

0.5655 

[14.3637] 

05620 

[14.2748] 

0.0050 

[0.1270] 


1.1850 

[30.0990] 

1.0610 

[26.9494] 

0.5030 

[12.7762] 

0.4995 

[12.6BV3] 

0.0080 

[0.2032] 


New 

Worn 

Maximum 

Limit 

1.3110 

1.3090 

[33.2994] 

[33.2486] 

1.1250 

1.1210 

[28.5750] 

[28.4734] 

0.5665 

0.5675 

[14.3891] 

[14.4145] 

0.5626 

0.5610 

[14.2900] 

[14.2494] 

0.0170 

0.0220 

[0.4318] 

[0.5588] 

0.0005 

[0.0127] 

0.0010 

[0.0254] 

1.1860 

1.1840 

[30.1244] 

[30.0763] 

1  .0630 

1.0590 

[27.0002] 

[26.8986; 

0.5040 

0.5050 

[12.8016] 

[12.8270 

0.5000 

0.4985 

[12.7000] 

i  12.6619 

0.0220 

0.0270 

[0.5588] 

[0.6858] 

0.0010 

[0.0254] 

0.0010 

[0.0254] 

Reference  Table  7-1-1,  Page- 


Refer  to  Table  7-22,  Page  7-2-2. 


706     Lubricating  Oil  Pump 

Lubricating  Oil  Pump 
Dimensions 
Idlar  and  Drive  Shaft 
Bushing  (I.D.)  0.6165 

[15.6591] 
Idler  and  Drive  Shaft  (O.D.)    0.6150 

[15.6210] 

Idler  Gear  Bushings  (I.D.)        0.9925 

[25.2095] 

Idler  Gear  Shaft  (O.D.)  0.9900 

[25.1460] 

Idler  and  Driven  Gear  (O.D.)    1 .8320 

[46.5328] 

Gear  Pockets  (Minor  I.D.)        1.8400 

[46.7360] 


7-1-3. 


0.6175 

0.6185 

[15.6845] 

[15.7099] 

0.6155 

0.6140 

[15.6337] 

[15.5956] 

0.9935 

0.9945 

[25.2349] 

[25.2603] 

0.9910 

0.9890 

[25-.1714] 

[25.1206] 

1  .8330 

1,8310 

[46.5582] 

[46.5074] 

1.8420 

1.8430 

[46.7868] 

[46.8122] 

C  Series 

No      Part  Name  or  Location 

New 
Minimum 

New 
Maximum 

Worn 
Limit 

Gear  Pocket  Depth 

1.6230 

1  .6250 

1.8430 

[41  .2242] 

[41.2750] 

[46.8122] 

Counter-balancer  (Oil  Pan- 

Enclosed) 

Balancer  Drive  Shaft 

0.8095 

0.8105 

[20.5613] 

[20.5867] 

Balancer  Drive  Shaft 

Bushing 

0.8145 

0.8150 

0.8170 

[20.6883] 

[20.7010] 

[20.7518] 

Idler  Gear  Thrust  Washer 

0.0610 

0.0630 

[1.5494] 

[1.6002] 

Balancer  Drive  Gear 

Thrust  Washer 

0.0600 

0.0620 

[1.5240] 

[1.5748] 

Lube  Pump  Drive  Shaft 

Bushing 

0.6165 

0.6175 

0.6185 

[15.6591] 

[15.6845] 

[15.7099] 

Double  Lubricating  Oil 

Pump  Dimensions 

Idler  and  Drive  Shaft 

Bushings 

0.6165 

0.6175 

0.6185 

[15.6591] 

[15.6845] 

[15.7099] 

Idler  Gear  Bushing 

0.9925 

0.9935 

0.9945 

[25.2095] 

[25.2349] 

[25.2603] 

Idler  and  Drive  Shaft  (O.D.) 

0.6150 

0.6155 

0.6140 

[15.6210] 

[15.6337] 

[15.5956] 

Idler  Gear  Spindle  Shaft 

0.9900 

0.9910 

0.9890 

[25.1460] 

[25.1714] 

[25.1206] 

Gears  (O.D.) 

1.8320 

1.8330 

1.8310 

[46.5328] 

[46.5582] 

[46.5074] 

Body  Gear  Pockets 

(Minor  I.D.) 

1  .8400 

1  .8420 

1.8430 

[46.7360] 

[46.7868] 

[46.8122] 

707      Pressure  Regulator 

Pressure  Regulator 

Dimensions 

Low  Pressure  (I.D.) 

0.621 

0.626 

0.627 

[15.7734] 

[15,9004] 

[15.9258] 

Low  Pressure  (O.D.) 

0.740 

0.741 

0.739 

[1  8.7960] 

[18.8214] 

[18.7706] 

High  Pressure  (Large 

0.740 

0.741 

0.739 

Outside) 

[18.7960] 

[18.8214] 

[18.7706] 

High  Pressure  (Small 

0.615 

0.617 

0.614 

Outside) 

[15.6210] 

[15.6718] 

[15.5956] 

Housing  Bore 

0.740 

0.741 

0.739 

[18.7960] 

[18.8214] 

[18.7706] 

Spring  Load  @  2.055  in. 

16.4  Ib. 

18.01   Ib. 

14.0  Ib. 

[52.1970  mm] 

[7.4390  kg] 

[8.1693  kg] 

[6.3504  kg] 

Lube  Oil  By-Pass  Valve 
Spring  Data 
66507-1 


251152 


Free  Length —  2.185/2.371  in.  [55.4990/60.2234  mm] 

Load— 40  ±4.5  Ib.  [18.1440  ±  2.0412  kg] 

@  Length  —  '/•  in.  [22.2250  mm] 

Free  Length  — 1.520/1.680  in.  [38.6080/42.6720  mm] 

Load  — 11 .2  ±  1 .1  I  b.  [5.0803  ±  0.4990  kg] 

(a>  Lenath  — 0.80  in.  [20.3200  mm] 


Part  Name  or  Location 


C  Series 

New 

Minimum 


Water  Pump 

Supercharger-Driven 
Cover  Face  to  Impeller  Hub  0.872 

[22.1488] 


New 

Maximum 


0.878 
[22.3012] 


Worn 
Limit 


Thermostats 

Thermostat  Operating  Range     160°  F. 
Low  Range  [71.1°C.] 


Medium  Range 
High  Range 


175°F. 
[79.4°  C.] 
180°F. 
[82.2°  C.] 


175°  F. 
[79.4°  C.] 

185°F. 
[85.0°  C.] 
195°F. 
[90.6°  C.] 


Fuel  Pump  Drive 

Fuel  Pump  and  Compressor 
Drive 
Bushing  (I.D.) 

Available  for  Service  in 
Shaft  (O.D.) 


1.314 
[33.3756] 
0.010  [0.2540] 
1.3115 

[33.3111] 


1.319 
[33.5026] 
and  0.020 
1.312 
[33.3248] 


1.322 
[33.5788] 

[0.5080]  undersize 
1.310 
[33.2740] 


Supercharger 

Supercharger  Assembly 
Dimensions 
Radial  Bearing  Clearance 

Gear  Backlash 
Rotor  Shaft  End  Play 
Gear  Hub  Protrusion 
Rotor  to  Rotor  Clearance 
Rotor  to  Housing  Clearance 
Rotor  to  Gear  Plate 
Rotor  Shaft  Bushing 


0.003 

[0.0762] 

0.002 

[0.0508] 

0.006 

[0.1524] 

0.005 

[0.1270] 

0.003 

[0.0762] 


0.004 
[0.1016] 
0.005 
[0.1270] 


0.004  . 
[0.1016] 


0.003 

[0.0762] 

0.004 

[0.1016] 

0.005 

[0.1270] 

0.005 

[0.1270] 


1.3765 
[34.9631] 


C  Series 

Unit 
No. 

Part  Name  or  Location 

New                   New                  Worn 
Minimum           Maximum          Limit 

1102 

Mufflers  and  Piping 

Exhaust  Back  Pressure 

(Inches  of  Mercury) 

Naturally  Aspirated  and 

Supercharged  Engines 

1.5  [38.1000] 

Turbocharged  Engines 

2.0  [50.8000] 

1301 

Cranking  Motors 

Cable  Sizes 

Refer  to  Table  13-1-1,  Page  13-1-3. 

Battery  Capacity 

Refer  to  Tabfe  13-1-2,  Page  13-1-8. 

Ampere-Hour  Capacity 

Refer  to  Table  13-1-3,  Page  13-1-8. 

Voltage  Drop 

Refer  to  Table  13-1-4,  Page  13-1-10. 

Voltage  Drop  Feet 

Refer  to  Table  13-1-5,  Page  13-1-10. 

1401 

Engine  Assembly 

Main  Bearing  Capscrew 

Torque 

Refer  to  Page  14-1-2. 

Crankshaft  End  Clearance 

0.004                   0.015                  0.022 

[0.1016]               [0.3810]              [0.5588] 

Cylinder  Liner  Protrusion 

0.004                   0.006 

[0.1016]               [0.1524] 

Liner  Counterbore  Shims 

Refer  to  Table  14-1-1,  Page  14-1-5. 

Connecting  Rod 

Side  Clearance 

0.008                   0.012                  0.040 

[0.2032]               [0.3048]              [1.0160] 

Gear  Train  Backlash 

(Six-Cylinder) 

0.004                   0.007                  0.020 

[0.1016]               [0.1778]              [0.5080] 

Camshaft  End  Play 

0.007                   0.01T                  0.015 

[0.1778]               [0.2794]              [0.3810] 

Injector  Timing  Procedure 

Refer  to  Page  14-1-14. 

Injector  Adjustment 

Refer  to  Page  14-1-31 

Flywheel  Specifications 

Refer  to  Groups  14  and  15 

1402 


Flywheel  Housing 

Specifications 
Engine  Firing  Order 

Engine  Testing 

Dynamometer  Test 


Refer  to  Group  14 
Refer  to  Page  14-1-33 

Refer  to  Page  14-2-5 


itandard  Capscrew  Markings  and 
brque  Specifications 


urrent  Usage 


Much  Used 


Much  Used 


Used  at  Times 


Used  at  Times 


linimum  Tensile  Strength  psi 


To  V.  —  69,000 
To  V<  —  64,000 
To  1  —55,000 


To  >/4  —  120,000 
To  1    -115,000 


To  '/.  — 140,000 
To  >/4  — 133,000 


150,000 


luality  of  Material 


Indeterminate 


Minimum  Commercial  Medium  Commercial     Best  Commercial 


AE  Grade  Number 


1  or  2 


olt  Head  Markings 

lanufacturer's  marks  may  vary. 

hese  are  all  SAE  Grade  5 
5-line). 


lolt  Body  Size 
Inches)  —  (Thread) 


Torque 
Ft-Lb  [kgm] 


Torque 
Ft-Lb  [kg  m] 


Torque 
Ft-Lb  [kg  m] 


Torque 
Ft-Lb  [kg  m] 


1/4  —  20 

5 

[0.6915] 

8 

[1.1064] 

10 

[1.3830] 

12 

[1  .6596] 

—  28 

6 

[0.8298] 

10 

[1.3830] 

14 

[1.9362] 

/16  —  18 

11 

[1.5213] 

17 

[2.3511] 

19 

[2.6277] 

24 

[3.3192] 

—  24 

13 

[1.7979] 

19 

[2.6277] 

27 

[3.7341] 

3/8  —  16 

18 

[2.4894] 

31 

[4.2873] 

34 

[4.7022] 

44 

[6.0852] 

—  24 

20 

[2.7660] 

35 

[4.8405] 

49 

[6.7767] 

/16  —  14 

28 

[3.8132] 

49 

[6.7767] 

55 

[7.6065] 

70 

[9.6810] 

—  20 

30 

[4.1490] 

55 

[7.6065] 

78 

[10.7874] 

1/2  —  13 

39 

[5.3937] 

75 

[10.3725] 

85 

[11.7555] 

105 

[14.5215] 

—  20 

41 

[5.6703] 

85 

[11.7555] 

120 

[16.5960] 

/16  —  12 

51 

[7.0533] 

110 

[15.2130] 

120 

[16.5960] 

155 

[21  .4365] 

—  18 

55 

[7.6065] 

120 

[16.5960] 

170 

[23.5110] 

5/8  —  11 

83 

[11.4789] 

150 

[20.7450] 

167 

[23.0961] 

210 

[29.0430] 

—  18 

95 

[13.1385] 

170 

[23.5110] 

240 

[33.1920] 

3/4  —  10 

105 

[14.5215] 

270 

[37.3410] 

280 

[38.7240] 

375 

[51  .8625] 

—  16 

115 

[15.9045] 

295 

[40.7985] 

420 

[58.0860] 

7/8  —  9 

160 

[22.1280] 

395 

[54.6285] 

440 

[60.8520] 

605 

[83.6715] 

—  14 

175 

[24.2025] 

435 

[60.1605] 

675 

[93.3525] 

1—8 

235 

[32.5005] 

590 

[81.5970] 

660 

[91  .2780] 

910 

.[125.8530] 

—  14 

250 

[34.5750] 

660 

[91.2780] 

.990 

[136.9170] 

.  Always  use  the  torque  values  listed  above  when  specific  specifications  are  not  available. 

Note:  Do  not  use  these  values  in  place  of  those  specified  in  the  above  engine  groups. 
.  The  above  is  based  on  use  of  clean  and  dry  threads. 
.  Reduce  torque  by  10%  when  engine  oil  is  used  as  a  lubricant. 
.  Reduce  torque  by  200/o  if  new  plated  bolts  are  used. 

Caution:  Bolts  threaded  into  aluminum  may  require  reductions  in  torque  of  30V«  or  more,  unless  inserts  are  used. 


Torque  Specifications 


Part  Name 

Cylinder  Block  —  Unit  101 

Pipe  Plugs   ............................  1-1-1 

Idler  Gear  Shaft  Capscrews  ............  1-1-6 

Main  Bearing  Capscrews  ...............  1-1-8  and  14-1-2 


Crankshaft  —  Unit  104 

Pipe  Plugs   ............................  1-4-1 

Connecting  Rod  —  Unit  108 

"U"-Bolt  Nuts  .........................  1-8-1   and  14-1-8 

Cylinder  Head  —  Unit  201 

Injector  Hold-Down  Capscrews  .........  2-1-4  and  14-1-17 

Pipe  Plugs  ............................  2-6-2 

Assembly  —  Unit  1401 

Rear  Cover  Capscrews   ._  ...............  14-1-4 

Gear  Cover  Mounting  Plate  Capscrews  .14-1-9 
Idler  Shaft  Mounting  Capscrews  .......  14-1-9 

Camshaft  Thrust  Plate  Capscrews  ......  14-1-9 

Tappet  Guide  Screws  (Nylon  Insert)  —  14-1-13 
Fuel  Inlet  and  Drain  Connections  .......  14-1-17 

Cylinder  Head  Capscrews  ..............  14-1-18 

Gear  Cover  Capscrews  ................  14-1-19 

Vibration  Damper  Flange  Capscrews  —  14-1-20 
Flywheel  Housing  Capscrews   ..........  14-1-23 

Flywheel  Mounting  Capscrews  ..........  1  4-1  -24 

Exhaust  Manifold  Capscrews  or 

Stud  Nuts  ...........................  14-1-25 

Intake  Manifold  Mounting  Capscrews  ...14-1-25 
Accessory  Drive  Pulley  Capscrew  or  Nut.  14-1-29 
Fuel  Filter  Fitting  and 

Mounting  Capscrews    ................  14-1-31 

Fan  Hub  Nut  ..........................  14-1-31 

Injector  and  Valve  Adjustment  .........  14-1-31 

Belt  Tension   ..........................  14-1-35 


BASIC  ISSUE  ITEMS  LIST 
Section  I.   INTRODUCTION 

1.  Scope 

This  appendix   lists   items  which  accompany  the  fork  lift  truck 
or  are   required  for   installation,   operation,   or  operator's  maintenance. 

2.  General 

This  Basic  Issue  Items  List  is  divided  into  the  following 
sections: 

a..   Basic  Issue  I  terns— •  Section  Ij.  This  section  is  a  listing 
of  accessories,  repair  parts,  tools,  and  publications  required  for 
operator's  maintenance  and  operation,  initially  issued  with,  or 
authorized  for  the  fork  lift  truck. 

b.«  Maintenance  and  Operating  Suppl  ies  —  Section  III.  Th  i  s 
section  is  a  listing  of  maintenance  and  operating  supplies  required  for 
initial  operation. 

3.  Explanation  of  Columns 

The   following  provides  an  explanation  of  columns    in   the   tabular 
list  of   Basic   Issue   Items,  Section    II: 

a_.      Source.  Maintenance,   and   Recoverabi  1  i  tv  Codes   (SMR) .   Column   1: 
(1)      Source  Code   indicates    the  selection  status  and  source 
for  the   listed    item.      Source  codes  are: 

A-l 


from  GSA/DSA  Army  supply  system,  and  authorized  for  use 
at  indicated  maintenance  categories. 

(2)  Maintenance  Code  indicates  the  lowest  category  of 
maintenance  authorized  to  install  the  listed  item. 
The  maintenance  level  code:is: 

de  Explanation 

Operator/Crew 

(3)  Recoverabi lity  Code  Indicates  whether  unserviceable 
items  should  be  returned  for  recovery  or  salvage. 
Items  not  coded  are  expendable. 

b>  Federal  Stock  Number.  Column  2.  This  column  indicates  the 
deral  Stock  Number  for  the  item. 

c.  Description.  Column  3.  This  column  indicates  the  Federal 
am  name  and  any  additional  description  required.  A  five-digit 
lufacturer's  or  other  service  code  is  shown  in  parentheses  followed 
the  manufacturer's  part  number.  Repair  parts  quantities  included 
kits,  sets,  and  assemblies  that  differ  from  the  actual  quantity 
id  in  the  specific  item,  are  listed  in  parentheses  following  the 
aair  part  name. 

&•  Unit  of  Issue.  Column  4.  This  column  indicates  the  unit  used 
a  basis  of  issue,  e.g.,  ea,  pr,  ft,  yd,  etc. 
£•  Quantity  Incorporated  in  Unit  Pack,  Column  5.  This  column 

dicates  the  actual  quantity  contained  in  the  unit  pack. 
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JL«  Quantity  Incorporated  in  Unit.  Col_umn__6»  This  column 
indicates  the  quantity  of  the  item  used  in  the  equipment. 

9«  Quantity  Furnished  With  Equipment,.  Column  7,»  This  column 
indicates  the  quantity  of  an  item  furnished  with  the  equipment  in 
excess  of  the  quantity  incorporated  in  the  unite. 

.h.  Quantity  Author  I  zed*.  Column  8.  This  column  indicates  the 
quantity  of  an  item  authorized  the  operator/crew  to  have  on  hand  or 
to  obtain  as  required.  As  required  items  are  indicated  with  an 
asterisk. 

JL>   II  lustration.  Column  g.  This  column  is  divided  as  follows: 

(1)  Figure  Number,  column  9a,  indicates  the  figure  number 
of  the  illustration  in  which  the  item  is  shown. 

(2)  Item  Number,  Column  9b,  indicates  the  callout  number 
used  to  reference  the  item  in  the  illustration. 

k.  Explanation  of  Columns  in  the  Tabular  List  of  Maintenance  and 
Operating  Supplies  --  Section  III 

a..  Item.  Column.  J.  This  column  contains  numerical  sequence  i  te 
numbers  assigned  to  each  component  application  to  facilitate  referen 

_b_.  Component  Application,  Column  2,  This  column  identifies  the 
component  application  of  each  maintenance  or  operating  supply  item. 

c.  Federal  Stock  Number.  Column  3.  This  column  indicates  the 
Federal  Stock  Number  for  the  item  and  will  be  used  for  requisi tionini 
purposes. 

d..  Description.  Column  4,  This  column  indicates  the  item  and  a 

brief  description, 
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)lumn    indicates   the  quantity  of  each  maintenance  or  operating 
ipply   item  required  for   initial   operation  of   the  equipment. 

f..      Quantity  Required  for  8  Hours   Operation.   Column  6.     This 
ilumn   indicates   the  estimated  quantities   required  for  an  average 
ght  hours  of  operation. 

g.     H o t es ,   Co 1 umn  7 «     This   column   indicates    informative  notes 
yed  to  data  appearing    in  a  preceding   column. 
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1 .  General 

a_.     This  section  provides  n   general  explanation  of  all  maintenance 
and  repair  functions  authorized  at  various  maintenance  levels. 

b.  Section  II  designates  overall  responsibility  for  the  performance 
of  maintenance  functions  or.  the  identified  end  item  or  component.     The 
implementation  of  the  maintenance  functions  upon  the  end  item  or  component 
will  be  consistent  with  the  assigned  maintenance  functions. 

c.  Section  III  lists  the  special  tools  and  test  equipment  required 
for  each  maintenance  function  as  referenced  from  Sect j on  II. 

d.  Section  IV  conta:'nr>   supplements!  instructions,   explanatory  notes 
and/or  illustrations  required  for  a.  particular  maintenance  function. 

2.  Explanation  of  Columns  in  Section  II 

a.«     Group  Numb er_.      Column  1 .  The  functional  group  is  u  numerical 
group  set  up  on  a  functional  b*sis.     The  applicable  functional  grouping 
indexes   (obtained  from  TB  750-93-1,  Functional  Grouping  Codes)  are  listed 
on  the  MAC  in  the  appropriate  numerical  sequence.     These  indexes  are 
normally  set  up  in  accordance  with  their  function  and  proximity  to  each 
other . 

b.     Functional  Group.      Column  2_.  This  column  contains  a  brief 
description  of  the  components  of  each  functional  group. 
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ntenance  functions   (A  through  K)  and  indicates  the  lowest  maintenance 

.egory  authorized  to  perform  these  functions.     The  symbol  designations 

•  the  various  maintenance  categories  are  as  follows: 

C  -  Operator  or  crew 

0  -  Organisational  maintenance 

F  -  Direct     support  maintenance 

H  -  General  support  maintenance 

D  -  Depot  maintenance 

maintenance  functions  are  defined  as  follows: 

INSPECT.     To  determine  serviceability  of  an  item  by  comparing  its 
physical,  mechanical,   and  electrical  characteristics  with  estab- 
lished standards. 

TEST.     To  verify  serviceability  and  to  detect  electrical  or  mechanical 
failure  by  use  of  test  equipment. 

SERVICE.     To  clean,  to  preserve,   to  charge,  to  paint,   and  to  add  fuel, 
lubricants,  cooling  agents,   and  air. 

ADJUST.     To  rectify  to  the  extent  necessary  to  bring  into  proper 
operating  range. 

ALIGN.      To  adjust  specified  variable  elements  of  an  item  to  bring  to 
optimum  performance, 

CALIBRATE.     To  determine  the  corrections  to  be  made  in  the  readings 
of  instruments  or  test  equipment  used  in  precise  measurement.     Consists 
of  the  comparisons  of  two  instruments,  one  of  which  is  a  certified 
standard  of  known  accuracy,   to  detect  and  adjust  any  discrepancy  in 
the  accuracy  of  the  instrument  being  compared  with  the  certified 
standard . 
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H  -  REPLACE.     To  replace  unserviceable-  items  with  serviceable  assemblies , 

subassemblies,   or  parts. 

I  -  REPAIR,     To  restore  an  item  to  serviceable  condition.     This  includes, 
but  is  not  limited  to,   inspection,   cleaning,  preserving,   adjusting, 
replacing,  velding,   riveting,  and  strengthening. 

J  -  OVERHAUL.     To  restore  an  item  to  a   completely  serviceable  condition  a 
prescribed  by  maintenance  serviceability  standards  using  the  Inspect 
arid  Repair  Only  as  Necessary    (IROAII)  technique. 

K  -   REBUILD.     To  restore  au  icon  to  a  standard  as  nearly  as  possible  to 
original  or  new  condition  in  appearance,  performance,  and  life  ex- 
pectancy.    This  is  accomplished  through  complete  disassembly  of  the 
item,   inspection  of  all  parts  or  components,   repair  or  replacement 
of  worn  or  unserviceable  elements   (items)  using  original  manufacturin 
tolerances  and   specifications,   and  subsequent  reassembly  of  the  item, 
d.     Tools  and  Equipment.     Column  k.  This  column  is  provided  for  re- 
ferencing by  code  the  special  tools  and  test  equipment,   (Section  III)  re- 
quired to  perform  the  maintenance  functions   (Section  II). 

e_.     Remarks.      Column  j?.   This  column  is  provided  for  referencing  by  co 
the  remarks   (Section  IV )   pertinent  to  the  maintenance  functions. 
3.      Explanation  of  Columns  in  Section  III 

a.     Reference  Code.     This  column  consists  of  a  number  and  a  letter 
separated  by  a  dash.     The  number  references  the  T&TE  requirements  column 
on  the  MAC.     The  letter  represents  the  specific  maintenance  function  the 
item  is  to  be  used  with.     The  letter  is  representative  of  columns  A  throu 
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benance  authorized  to  use  the  special  tool  or  test  equipment. 
-•  Nomenclature!  This  column  lists  the  name  or  identification  of 
tool  or  tost  equipment. 

*•  Tool  Number.  This  column  lists  the  manufacturer's  code  and  part 
sr,  or  Federal  Stock  Number  of  tools  and  test  equipment. 
IHxplnnation  of  Co] wans  in  Section  IV 

3.  Reference  Code.  This  column  consist?  of  tvo  letters  separated 
drirsh,  both  of  which  are  references  to  Section  II.  The  first  letter 
•ences  column  ^  and  the  second  letter  references  a  maintenance  function, 
m  3>  A  through  K. 

•>_,  Remarks .  This  column  lists  information  pertinent  to  the  maintenance 
:.ion  being  perforned,  as  indicated  on  the  MAC,  Section  II. 


LT\                **| 

<                                     «                                                                      o 

S~'               M   H 

MAINTEMANCE  FUNCTIONS 

^ 

OTIfHEM 

o          o  n      R 

t- 

TnVHHSAO 

H 

H 

Hivjaa 

f^                             QW                                                    Wffi                                        feplLlpt, 

fr 

30VH3H 

fc<              C)pt,tr|              WW                   feOfeW              OO 

C 

TWISIO: 

fr 

SMvnanvo 

K 

*K>nV 

p 

•isnrov 

*, 

CJ 

30IM3S 

"                                                                                                                  00 

* 

jirai 

pt. 

« 

JLCHdSWI 

O                                W                    O                                pti  pt. 

(2) 

FUNCTIONAL  GROUP 

1 

T3                             W 
'O                  CO                          >, 
"                                                            C!                CU                      C/D 
•O                                               ^i                  CO                 rrl 
CO                                     ••    H                                                                M 
0)                                           !>>  ^3                     M                    h     W                     C 

.W                              HS              P              Of-i              ^H 
HMcd                  ECO             cdcoc-pctica 

d)            C                                       W                          S   -p   ,^t    J>j  §  1     QJ            PH           P^ 
W            -H            ?H           -P           -ajr—  I                    WWOO             W            ,Q     £-1 

<;         !>s       'd        co       HCUG            CQW^toM        >-5  i;    tj 

O^iC          fl           0),C.rH             ^                 Jn(U                          43$; 

.a;             o-H        to        cU3co        wbo^a>>.-p        curo+a 

W          'C1          °CJ>>5         f          ?  H    O          >   -H    H    O  .08    0)          •Hfnln 
S          bD         OfPO          CO          SfeW         H6<Ot>CD          bOWfcj 
MCH                        fnH                        COjj                                      C 

3    -oM^0 

8H                       OJ          OO                      LT\                                         VO 
O                      O         O                     O                                        O 
H          H                       H         H                       H                                          rH 
O         O                     O         O                     O                                        O 

r~H 

o 

1-1  H 

SB 

EH  M 


aimaaa 


n 


o 


H 


W  W 


W 


PC, 


orw 


WWF-H 


W 


Ft,O 


feOO 


c 


Ft 


N3I1V 


H 


pt. 


aoiAHas 


0         O 


•LSM 


o 


cw 

I 


S 

H 


-P 

01 
CO 


C 
-P 
3 

TU 

«i 

c  ^ 

C    O 


to 


o 

0) 


S    g) 


r-l 
o 

<H 
T! 

G 


OW 
wcu 

WO 

Ji^J 

o  < 


w 


o 
en 

H  -P 


OH 
-P     •> 


Coo 
H<UO> 

-Tt-s 
HCC 


a 

0) 

o 


H-P 
(UOJ 


^ 
<D 

c 

OQ 
(U 


..  CJ 
fnDD 
OJfn 
bQffi 

^^1 

mo 
S  m 
ocu 


"ON  dnoao 


o 


0 
S1 


o1 


ir\           § 

9  fc1 

o§ 

EH  W 

MAINTENANCE  FUNCTIONS 

* 

cninaaa 

t- 

inVIREAO 

h- 

aiVci3H 

Wfe 

tr 

aov^daa 

O                    P^iOO              O                        OO                   O 

e 

TWISNI 

* 

aivasnvo 

K 

KOHV 

p 

isnrov 

0 

0 

30IAH3S 

o       o      o                                o 

p 

JifiM 

o 

< 

JL03JSMI 

0                       O                                                                        0 

(2) 

FUNCTIONAL  GROUP 

Tf 

P!                                     W)                                           CD                                                                 rj 
C                                C                         W          H                                                       -H 
•H                                 «H                         t?           -P                                                            CO 
•P                                    -P                            -H           +>                                                                 3 
C    W                        -P                       <C           O                                                        O 

0    &                       -H                                      ^                                                       W 
O     fc                        [x^                         bD          t~J 

•  —  '    CO                                                 fl         EH                                                   tJ 
rH                           •>                       -H                                                                     C            W 
HCJ                              OTCQ-p^S                                          03-P 
<U                                <U            fn           fn           ri                @                                                  CO 
t!D  IJ                         OQJCBO                EH                 fn               .p-p 
?-iC                       -H-P-P-P               CQ--O               COCQ 
COCO                        i-3           r—  IW           COWiH           M-PD-P'«O 
,G                                          »H                      fHHCQOCOHWCOSf 
OOJ                           ^pin           V           V    O                       +J.HHO-PC 
fnCO                         W                         CHfHCJ           CO'CJ-HSdJOJ 
<UO                        ^           i—  1         -rl           (D+3         £l          -HCOfn          HAS.C 
P.W                          O            <D           UD          Ofi         H          fOKo          (UWE-I- 
3                                C03COOMCB                     «Q<D 
W                               E-fltW^UOffi                      HO               f 

O 

2     *ou  dnoao 

UA                           VDONHOJ                           H                    CO 
O                           OOHH                          O                   O                    C 
no                        ronomro                      tn                u^                 L 
O                           OOOO                          O                   O                    C 

LT\ 

o 

B-7 


8 

LT\               <! 

~        H 

ct         co  £ 

^ 

cnmaaa 

3q                             W 

H 

invnasAO 

1- 

aivciaa 

f^                                                   fe                        fe  fe                  O 

o 

IX 

aovHsur 

Ofe               OO                           OOO               feOOfe 

c 

TWISM 

"row 

C-- 

aivaanvo 

1^ 

HOITV 

P 

isnrav 

O                                                          O               fe 

o 

3DIM3S 

ooo                                                        o 

pr 

ISPIi 

o      o               o      o 

caj 

XOHcISMI 

O                                                              00 

(2) 
FUNCTIONAL  GROUP 

in 
w 

f-<                                                                f-l                                                       QJ 

O                                                 O              73                          d 

•P                                                               -P                  «H                                 C 

w                                                 co               O    bO                   cc 

•s      s            ^    ..  g  .s        K 

SCJ                W                                    to^H-P                       hO 
•  •H««K                 EH                                    CUOOfn                       C 

rgOJ-pO                CQ--O            -^S^W                      -H 

U            W           -HW^i          >J           O           CO           O           hO   <U      •»          <1J 
to          <1           pt,OCU          <;           -P           SH          -P           drC!n          <H           tfl 
W-P                           >H    -P           O            CO-PO)            CD           -HWO            f-(           -rl 
<qHr^            fnJ-irH          H           ^HC           (H          -p3-p           CO           W 
(LI3            UOvH          PH           (UCUO)           (D           ^f^O          -P           CO 

cmw      -popq      EH       cmo      c      rows      5      « 

co                   co                  S-5*^                  <D+^                  cox] 
fe                 &                 wo                OCQ                 Wo 

W 

2     *OM  ctnoao 

6^          S                 g           8     &          ^  '  ^ 

u^                      LT\                                  VO                     MD         VO                     VO        VD 
O                     O                                 O                     O         O                    O         O 

a 

LA                5J1 

' 

P    fe' 

ct           w>  iS 

1 

H 

s 

* 

cnin&iH 

O               O                                                              O              Q 

H- 

inVTIHSAO 

H 

aivdEH 

}r;              |ij 

£l 

3QVH5W 

Ofrr                   WO                   OO                                  finOfe 

C 

TIV1SNI 

tx. 

OLWsrivD 

r,: 

Nonv 

p 

isnrav 

0 

a 

3DIAH3S 

O  O              O         O                         O  O        O 

v 

iSM 

fe 

< 

iOSdSWI 

O 

(2) 

FUNCTIONAL  GROUP 

w                             t^ 

H                              ••   H                                                                     -p 
O                             >i  £>                                                                 C                >, 
^    <U                      H    g                                                           ..QH 
-P    tfi                     ,0    <L)                                                           >,  (H               ,0 
0    CC                       E    W                                                          H  fe                S 
O   A!                        CU    W                                                              p                        cu 
OCSnW<a;                      -P                                   6*^               w 

•H        <u        w                  ••    c                           3   ;>,            w 
T^h-^P-^C              cn<L'cQ                    WH             <i 
G              ^              O              PiEEn                   wp 

COtjtUC'H                    BCUpt.                          -^G                   I  —  ! 
C>OW                3rH<<                            Oi                03 
S         -p    (0          C         -H   W    J,        P-i  W         fq                     0)    co    !s         -H 
QfH                 OtO-HQJ                              CQ                       HtOO>-P 
H          -rl.  CO          O           CO    g   .C            •>   l-i                       H           X  <    ,C           C 
CO            rCH                           -HW-P            C0d>            P^f-IJcnl-p            dl 
CQ          COD           <L)           gpco           fn-P          W          >d                 CJCO           t-< 
H                  >           ?           WafO)           flJ,~!          J          <j          ^f-id)           & 
S           fsCU           CT          CSnh          H-H          [J                        flX!-i          <i-, 
CQ          ca  iJ          ?H          OT  E-i  W          O  PTH         W         EH         O  <f  FQ         <i- 
SCU                  Oh                        O                 PuSSn                       -H 
<dC5                HEH                     CJ                O         O         Fn                     O 

nc                                                            K       K 

EH                                                                                    PH         ft, 

77     'ON  dnoao 

LTv              03         O                      H                                         O                     CM 
O                O          H                     CM                                         O                     O 
!  —               t—         C~-                     t~-                                        O                     O 
O                O         O                     O                                         H                     H 
C~-                                                                               J\        O 
O                                                                                     OH 

u-\           § 

"""'              tJ   H 

^ 

aiinaaa 

Q               Q 

t-; 

inviftisAo 

W                                              W                                                  HH 

H 

aivdaa 

^~*                                                       |  1  j                             fTj                 [V  |                                                      pr  .                             pr  . 

(3) 

MAINTENANCE  FUNCTIONS 

tr 

aovicEia 

l*<                                  P"nOP*<&.<                                 OOpt,                  ptnfe 

C 

•nvoBHi 

PC 

aivaaiTvo 

K 

H9I1V 

p 

isnrcw 

O   O           O 

C 

3DIAH3S 

O                          OOOO                         OO                         O 

pc 

ISET01 

< 

ioaasMi 

o 

(2) 

FUNCTIONAL  GROUP 

g 
MS                                                                cl) 
CO                 H                                                                              4J 
••&)£>                                                                               tfl 
S  w               E                                                                 S 
t—  1                         QJ                                                    d)                       CO 
-2    J*                w                                                 M                                  H 
0)                        Sl?03^                                    "^                       (U    h    (U 
•H                           CQ^3                                 -H                                         OUC3-P.C! 

M                  !?S            '"'i1                  ••'diHXMwJx 
o                  <3«    w             co       w                   w   c  >"3        o3       PP    £3 
co    h         -H                                  OJcfl                (nHM 

OJ>^                  r-IOlOlO)                                Cd?>vHCd>H 
C         <C                j$<r>          ^          ^         ?•*          "d    M    fl)           t>           MOS 

P^^On                            Q           P-i            <4            M                           COW 

W                                                   pq 

"H     'Oil  <inoao 

v^» 

8        §        §   §        si        §  ^ 

H 
H 

g 
H 

B 

w 

CO 


LT\                <J 

2  !! 

o  ^ 

MAINTENANCE  FUNCTIONS 

Is: 

cninaaa 

Q 

i- 

TAVHHSAO 

W                   K                                                                                           w 

H 

Hiva3H 

fc                                                          P-H               O                                                        fc 

te 

30VHSH 

feO               pt,O                           fcO                          Ofc              O 

c 

TTVISCC 

* 

aiwanvo 

* 

MDI1V 

p 

isnrov 

O                                                                                                         pq 

o 

3DIM3S 

o                                             o                   o  o 

"= 

ilSSII, 

< 

loadSNi 

0                             0 

(2) 

FUNCTIONAL  GROUP 

£  i»                                                  -"I 
<u  ^>                                                         s      § 

W     g                                                                                                   «x  r-t            W 
•  •     W                 to    <U                                                                             ..    rrj   ^3           rn 
SO)^i<;tQ                                            .                   >>  0    E3        •<    bfl 
<Ut>-H                  W                               ..                                           H  PS     S                  C 
-PH<;fH<<                               l>j                                         ^DtOpj-H 
WcO                 O                                     r-t                                           S^Wfiin 
|>j;>*vWM                              fO                                           d>tiO<!3(U 

Whwo                       B                                wtofE|<u 

•»  «H            OJ     03     fn                             (1)                                                   w£tlC)                  J-3 

cu^o^tno                tn                           <;PC!OKI 

rM    0     ?*            fij    QJ     C                            CQ                                                                 tr|           «H 

ro^^        B^S                 <w                           bo«s^H-v 
^S<u        oftO)                      g                o        fi^id)        ^ipH 

PPCOW          O6>                        HC           W                       -rl    R    4J           cCg 
fnCJCG           ^UO         H            ^Q           ^         S           CUiJJcQ          Tl  £ 

<             <:             S^^S^             i*9 

M                                        E~^ 
>                                           CO 

H*       "ON  dnOHO 

CO                    ON                               H              on                   H                    O 
O                    O                                H              H                    O                     H 

CM                  CM                             rn            on                j-                  ^j. 

H                rH                mH^_+H                H 

H                                        H 

8 

d    il 

s- 

auaa;M 

-. 

TaVlIcIZAO 

1- 

mvdfia 

W                    £M                                                                            pt-,            [x,            pin                    ft, 

I 

* 

~3OT3aa 

OOh                           (i,                           OOOO 

B 

c 

TTVJ1SWI 

£w 

* 

aivaaiivo 

^ 

w 

HOIIV 

s 

isnrnv 

H 

p 

fx, 

ss 

[•IDIAH?IS 

o 

W 

J,SM 

<; 

aaHasm 

-p 

o 

CQ                                            !>                                  ..     rcJ 

<u                      -H                  (o    3 

PM 

•  •   no            >                    PL,                 ai  o 

(DC                    H                                      <-»                        -H     S 

s 

o 

J-i   -H     tO          W                               tQ                       H   ^J 

<u  >H  a      >                   c               P  ca 

C    4)   "t-i           6                      ••    fl                       S      ., 

- 

•H-PDCU                  l>jW                  cnw                                           S 

**"   ""*             t-r 

r-HWO-p                      H3                       WH                                                      W 

^*J                ^ 

r'o-PW                              rOW                              <((D                                                                         E~* 

^          O 
H 

& 

O      ^  C/3            J>>                        S                                       d                                                          CO 

Mco                  ciJ'd                  'cJco                                 i—  (       »^ 

U    (D      *                                     WC                         Opin                                              O^ 
•H-dJiKl                        WCOQO                                                    o 

S 

p-H-P-H                               WO                 TSW                         ..                 H 

E 

COHr-l            ft                          CDfl|U              ^Q            fn            W            COXtJ 
f-l     >-,  -rl             Q)                             E    -H                             >5    O             O            -P             <U     O           3 

•dOpti          Q)         W          COP-,           •»        'bfc)          O          ca          XW         S 

W  '                  ^§^1              QfP              Pt,cOfM              P 

PH                  §                                              ta 

'H        *ON  anOHO 
*»_^ 

CV1                       ^t                        H                               H                 lf^        V£>         CO 
rH                     H                    O                           OOOO 
-~*                      --J                      LA                           CO               CO         CO         CO 
^                                   ^                           COH                H         H         H 

H                            H                                                                        J- 

a 

ZL               CO   & 
tJ   H 

H 

!* 

crnnHSH 

^ 

invmisAo 

w 

H 

irrvciaa 

B              B 

td 

aovmi 

ofo          p^o          ofc          o                      WT^H 

d 

TlViSWI 

* 

aivtisnvo 

r, 

Wfllrtv 

P 

isnrav 

o 

u 

30IM3S 

o                                     o  o 

w 

JiS3Ji 

<! 

0 

(2) 

FUNCTIONAL  GROUP 

—  .  — 

<D                                                                                                                                                                            fn 
<L)                                                                                                                                                                            0) 

W                              H                                                                                        -o 

W     ^D                       8                                                                                        5 
£                           -P                                                                                                       rH            A' 
••  -H                            C                    W                                                                                 >,            0 
W   ,D                        0                 h                                                                    O            O 
k  J3                      O                OJ                                         OB                       rH 
1)  S                                      T3                                ••    bDKidW 
•P                               !nC                                     WcagUtS 
H-N                       O                 -H                                    HiSSOfHCO 
•H    in                      -^.               H                                     OCEHO(L> 
febD                    Ti               >,                               ^•HMfE)               tr; 
C                     fl              O"^-P>-Pt>                       I' 

•>  >H                co                   tofn-HC          cy^ws-t 
w-P                                  oj-iaioo^w         a;         ojoj 

!-lP                           tl                   -H'H^;>CJW                            CO              UTt 
OJ'H                           H                   HO-PM                    fnOca^C 

Cfc                  ow        p        >co<UHa)H         a         C-M 

•H                            CHI    <U          CO          M    0)    w          CO    >         E-i          ,W    .-    cd   H 

cod)        P.I       -H  >        ?-i        cu^ai        301       <        CidM^ 
fnpM        S         CH        TJ        tnpqcc;         c  ^       g         cocuoo 

2     *ON  dnoHD 

rH                 CVI          LTN               t  —        (DO                       ON                            H 
O                O         O               O         O                     O                           O 
on             oo       ro            ro       ro                 rn                      o 

-*j.^-*^              ^o^^ 

S 

"""'             i-J  H 

cnmaaa 

Jx: 

>-: 

TTWHffilAD 

aivaaa 

W         &,                                     fr,                   0 

P, 

tr 

aovHEia 

W         fe                                     Pt(                   O                         O 

H 

c 

TIV1SMI 

^ 

Ft 

aivaaiivo 

1 

* 

MOiTV 

g 

fi 

isnrov 

o 

si 

0 

soiMas 

o              o                  o 

PC 

ISSTi 

< 

ioajswi 

o 

to 

J,               E*                    -H                   ^ 

2                OJ                     H     •>             O 

to                   O              w                   ,0    to             o 

T3                       O                 to                        g    0) 

£                      EH               ^          h          S-S               g 

1 

B                  -P           I)           W   4J                 g 

5 

•H            (U          PH                 -H           fn          -p                        I—  1                  1) 

, 

t)           iH          5                               U          -H    W                 C?                 W 

"CM        a 

5JJ?S3f                 ^                        1-1     ti                 W                 -rl 
C         P         H               C           •>             -H                                p) 

^       o 

C                                         TO          B         ^  fl,               c5                Eb 

O               M             O                                        O              >H                              S                       C 

| 

OOS                 WOO->              M                -H 
w.        H                EWC^w               EH               -P 

"NCOp>                     f-<                                    -POTtfl                     M 

O           >H          Scp                 CO    h           CUcOh         HCQ 
•P           P<               EH          -P<UcO         >rirGO         P^itH          0) 

•H           Ob-iB-Hi—  1                 O                      SI§'rH 

"H       *OM  anOHD 

-^        t~-                      vo                 t—                                ro 
O         O                          oo                   ro                                    O 
O          O                           -^-                    J-                                      MD 
LT\       ir>                     t—                c-~                              t-~ 

CODE 


LEVEL 


TOOL 


1-D 


1-0 


Wrench,  Torque,  3/8"  sq  Drive 
150  in.  lb.  Cap. 

Screwdriver,  3/8"  sq  Drive 


5120-230- 
6380 


B-15 


REMARKS 


CODE 


A-B 
B-K 

C-l 


Test  includes  operation  and  Compression. 

Repair  of  Crankshaft  includes  Metal  5 zing, 
Aligning  and  Grinding. 

Repair  of  Seat  inserts  includes  refacing. 


B-16 


Adjustments    -------   15  tnru    j 

Axle   Overhaul    ---------------------  93  thru    1C 

Brake   ---------- _   _  .  JQ]    thru    1C 

Differential    -------- ___-__.  jgif  thru    1C 

Planetary - 98,   99,    1C 

Ball    Slip  Overhaul 89,   $ 

Brake  Components   -------------------  9 

Power  Cluster   --------------------  95  ,   S 

Brake  System  ---- - _  .   _   -  -  91,92,5 

Adjusting   the   Brakes   ----------------  g 

Bleeding   the   Brakes   -----------------  9 

Capacities,    Pressures,   Electrical   System  --------  ] 

Cyl inder  Overhaul  : 

Fork  Cylinder-   --------------  35  thru  3 

Lift  Cylinder -_.__-_  32  thru  3 

Steering  Cylinder    ------------------  1^8,  k3,  5 

Filters  and   Breathers ---  19,   2 

General    Instructions   ------------------ 

Hydraul ic  Systems   -------------------  3 

Main  Hydraulic    --------------------  30, 3 

Steering  Hydraulic   ------------------  k 

Transmission  Hydraulic   ----------------  6 

Instrument   Panel    --------------------  7  thru    1 

Lubrication  Charts    -------------------  28,   2 

Lubrication  and   Service  ----------------  21, 2 

Main  Pivot   Overhaul    ----- - 82  thru  8 

Operating   Instructions  ----------------  1 

Pillow  Block  Overhaul    86,   87,   8 

Pump   Overhaul  : 

Main  Hydraulic   - - 45,  ^6,   4 

Steering  Hydraul ic   ------   52  thru  5 


IND-1 


teering  Gear  Overhaul  ---  —  --  —  .-----55  tnru  60 

teering  Linkage  ------------------  5°,  57 

orque  Chart  --------------------  3_09 

orque  Converter   ------------------61  thru   73 

owing--------"-----"--""--"-  13 

ransmission  Overhaul    ---------------     74  thru  81 

roubleshoot ing  Charts: 

Brake  System - 92,    93 

Main  Control   Valve   ---------------  if/t 

Steering  System  -----------------  51 

Torque  Converter   -----------------  62 

siding    Instructions   ----   ______-_-       23    thru  26 

alve: 

Demand  Valve   ------------------  50 

Main  Hydraulic  Control    ---- ____  38   thru  43 

Transmission  Control    --------------  78,    80 

Steering   Valve-----------------  51 

INDEX,   PART  2 

r  and  Vapor   Line  Check  ---------------  5-25 

r  Cleaner  Element  Cleaning   -------------  5-24 

r  Compressor   --------------------  1-12 

r  Connections   -------------------  2-2,    5-25 

r  Piping  Check  -------------------  5-25 

r  System  ----------------------  l-]2 

r  System  Maintenance   ----------------  5-22 

elt  Tension  Check  ------------------  5-17 

y-Pass  Filter   Change   -----------------  5-9 

old-Starting  Aids   -------------   _-_  2-4 

old-Weather  Protection  ----------------  2-7 

ompression  Stroke  ------------------  1-1 

oolant  Checks   —  -_---_____-____-       5-17,    5-18 


IND-2 


Cooling  System  Filling  ----  -  -  --________  __ 

Cooling  System  Maintenance  ----------______ 

Corrosion  Resistor  Changing  -----------.___ 

Crankcase  Blow-By  Checking —  -----_____-___ 

Crankcase  Breather  Cleaning  --------------- 

Cranking  Motor  Brushes  and  Commutator  Checking  ------   5-; 

Cranking  Motor  Cleaning  -  —  ------_-______ 


Crankshaft  End  Clearance 
Crosshead  Adjustment  -  - 


Dai  ly  Checks  ------ 

Da  i ly  Report  ------ 

Diesel  Cycle  ------ 

Do  Easiest  Things  First 

Electrical  Connections  • 
Engine  Blow-By  Checking 
Engine  Break- In  -  -  -  - 

Engine  Cleaning  -  -  -  - 

Engine  Coolant  -  -  -  -  - 

Engine  Firing  Order  -  - 
Eng  ine  Oil  Level  -  -  -  - 

Eng  ine  Rebu  i Id  -  -  -  -  - 

Engine  Speeds  -  -  -  -  - 

Exhaust  -------- 

Exhaust   Stroke   -   -  -   -  - 


Fan  Hub   Lubrication  ------------------- 

Fuel  Filter   Changing  ------------------ 

Fuel  Filter   Drain-   --------------__-__ 

Fuel  Lines,    Connections  and  Valves   ------------ 

Fuel  Manifold   Pressure  Check  --------------- 

Fuel  Oil    Leaks    ---------------------- 

Fuel  Pump   ------------------------ 

Fuel  Restriction  Check  ------------------ 

Fuel  Supply  --  --------------------- 

Fuel  System  ----------------------- 

Fuel  System  Maintenance  ----------------- 

Fuel  System  Priming  ------------------- 

Fuel  Tanks  ----------------------- 

Fuel  Tank  Breather   Cleaning  --------------- 

Fuel  Tank  Sediment   Draining  ---------------         5-] 


IND-0 


i-AHitude  Operation   ------------------  2-7 

ing  the  Engine  ------*•--------------  2-7 

3Ctor  Adjustment  --------------------  5-\k 

3ctor  Cleaning  and  Calibrating  -------------  5-1^ 

sctor  Operation  ---------------------  1-7 

jctor  Plunger  Adjustment  ----------------  5-15 

section  Major  ----------------------  5-3^- 

trument  Panel  ----------------------  2-5 

ake  Stroke  ------------------»----  1-| 

ricating  Oil    Leaks   -------------------  5-5 

floating   System  --------------------  1-10 

ricating  System  Maintenance  --------------  £_£ 

ricating   System  Priming   ----------------  2-1 

•itenance  of  Standby  Engines   --------------  5-3 

•itenance   Schedule   -------------------  5-] 

ntenance  Schedule  Extended   ---------------  5-] 

iterance  Summary   --------------------  5~3^ 

imum  Horsepower  Requirements   --------------  2-6 

nting  Parts  Tightening   -----------------  5-33 

Change  Periods  --------------------  5-5 

Fi  Iter  Changing   -------------------  5-6 

Level   Requirements   ------------------  2-2 

Pressure  -----------------------  2-6 

Pressure  Record   -------------------  5-8 

Temperature  ---------------------  2-6 

rating   Instructions  ------------------  2-1 

rating  Principles   -------------------  1-] 

rator's  Daily  Report    --------   ._.__         2-8,  5-32 

sr   Maintenance   --------------------  5-32 

2r    Stroke  -----------------------  1-| 

-Starting    Instructions   -  First   Time    ----------  2-1 

t-Down  Engine   ---------------------  2-7 

t-Down  Valve   --------  .-  1-9 

;ial    Variable   Speed  Governor    -------------  1-6 

rting   Procedure   --------------------  2-2 


IND-4 


Tachometer  »•----• 

Thermal  Controls  -  -  • 
Throttle  ------- 

Troubleshooting  -  -  - 
Troubleshooting  Chart 


Valve  Adjustment  -  -  -  -  - 
Vibration  Damper  Alignment 


Warming  Up  Engine 
Water  Temperature 


INDEX,  PART  3 


Accessory/Air  Compressor  Drive 
Instal lat ion  -------- 

Removal  ----------- 


Accessory  Drive  Pulley 
Instal lat  ion  -  -  -  - 
Removal  ------- 


Adjust  Injectors  and  Valves  • 

Air  Cleaner  (Cartridge  Type) 
Assembly  --------- 

Cleaning  and  Inspection  -  • 
Disassembly  ------». 


Air  Compressor 

Air  Compressor 
Instal lat  ion 

Removal  -  -  • 


3al 1  Bearings  ------ 

Bearing  Shell  Inspection 


Camshaft 
Assembly  ------------------------   |-/j 

Cleaning  and  Inspection  -------------  1-4-1,  1-1Q 


IND-5 


•nd  Play 14-1-10 

Installation  14-1-9 

Removal  -----------------------  0-15 

Repair \-k-S 

nshaft  Gear 

Installation  -----  1-10-2 

Removal  -----------------------  1-10-2 

assis  Dynamometer  Test  ---------------  14-2-9 

ecks  During  Run-in  -----------------  14-2-7 

nnect  ing  Rod 

Inspection  ---------------------  1-8-1 

Installation - 14-1-7 

Removal _-_-- 0-16 

Repair  -----------------------  1-8-2 

rrosion  Resfstor 

Installation - 14-1-27 

Removal  ----------------------  0-3 

ankcase  Breather 

Assembly 3-3-1,  3-3-2 

Cleaning  and  Inspection  ------------  3~3~l 

Disassembly  3-3-1,  3-3-2 

Installation  14-1-34 

ankcase  Breather  Tube  ---------------  0-3 

ankcase  Pressure  (Blow-By)  -----  14-2-3 

anking  Motor  (Electric) 

Installation  --  _.___-__  ]^_1-27 

Removal  —  _--__-___--_--_----  _  0-2 

ankshaft 

Assembly  ---------------------  »  1-4-7 

Cleaning  and  Inspection  -------------  -  1-4-1 

Disassembly  ---------------------  1-4-1 

End  Clearance  -  -------  14-1-3 

Installation  14-1-1 

Removal 0-17 

Repair  ------------------  —  ---  1-4-5 


IND-6 


Cleaning  ----  -__-....._.-.----  1-1-1 

Inspection  ---------------------  1-1-2 

aepair  -  — —  -  -  -  -  — 1-1-6 

Cyl inder  Head 

Assembly  and  Testing  ----------------  2-6-1 

Disassembly  --------------------  2-1-1 

Inspection  and  Cleaning  --------------  2-1-1 

Installation  14-1-13 

Removal 0-12 

Repair 2-1-4 

Tightening 14-1-18 

Cylinder  Head  Fuse  Plug  - 2-1-3 

Cylinder  Liners 

Cleaning  and  Inspection  --------------  1-2-1 

Grinding-- _  -  -  - _.  —  .__  \-2-\ 

Honing  — __._  1-2-2 

Installation  -----  —  14-1-4 

Removal  -----------------------  o-17 

Drive  (Fuel  Pump/Compressor) 

Assembly  ---------  -  9-1-3 

Disassembly  ------------------  —  -  9-1-2 

Inspection  ---------------------  9-1-3 

Electrical  Connections 

Removal  -----------------------  0-2 

Specifications  -------------------  13-1-3 

Electrical  System 

Batteries - 13-1-7 

Cranking  Motor  Drives  ----------  —  -  -  -  13-1-4 

General  13-1-1 

Wire  Size - 13-1-10 

Engine  Break-In  -------------------  14-2-7 

Engine  Serial  Number  -----------------  o-l 

Engine  Storage 

Permanent  ---------------------  14-3-1 

Preparation  --------------------  14-3-2 

Temporary  ---------------------  14-3-1 


IND-7 


ngine  Timing  - IH-I-IH 

xhaust  Manifolds 

Cleaning  and  Inspection  ------  —  ---------  11-1-1 

Installation  14-1-25 

Removal  -------------------------  0-9 

xhaust  System 

Muffler - 11-2-3 

Piping-- - ---  11-2-2 

Radiation  ------  11-2-3 

Restriction  ----- -___  11-2-1 

an,  Fan  Hub  and  Mounting  Bracket 

Installation -  -  ~ - 14-1-31 

Removal  -------------------------  0-3 

an  Hubs    (With  Adjusting  Screw) 

Assembly ---_ 8-2-1 

Disassembly - 8-2-1 

Inspection  -----------------------  8-2-1 

1 ywhee 1 

Installation  14-1-23 

Removal  ------------------------  0-12 

Repair 15-1-1 

lywheel  Housing 

Installation - 1.4-1-22 

Removal  -------------------------  0-13 

'uel  Filter 

Installation  -  14-1-31 

Removal  --------------------  —  --'-  0-4 

:uel  Inlet  and  Drain  Connections 

Installation  ------  .___-.  1^-1-16 

Removal  -------------------------  0-7 

:uel  Manifolds 

Installations -- 14-1-28 

Removal  -------------------------  0-7 

:uel  Pump 

Installation  14-1-31 

Removal  --------------------------     0-4 


IND-8 


Gear  Cover 
Assembly  -  - 
Inspection  - 
Instal  lat  ion 
Removal  -  -  - 
Repair  -  -  - 


Gear  Cover  Mounting  Plate 
Instal  lation  -----  • 
Removal  -------- 


Generator 

Cleaning  and  Inspection  -  - 
Controls  ---------- 

instal lat  ion  -------- 

Remova 1  ---------- 

Test,  Repair  and  Adjustment 

Idler  Gear  (Supercharger) 
Cleaning  and  Inspection  -  - 
Installation  -------- 

Removal  ---------- 

Repair  ----------- 


Inject  ion  Timing  -  • 
Injector  Adjustment 


Injectors 
Instal lat  ion 
Remova 1  -  -  - 


Injector  Sleeves 
Inspection  -  - 
Instal lat  ion  - 
Remova I  -  -  -  • 
Repair  -  -  -  - 


Intake  Manifold 

Installation  1^-1-25, 

Remova  1  ----------------------- 

Introduction  ---------------------- 

Load  Application  -------------------- 


IND-9 


;sembly  ----------------------  7-5-1 

eaning  and  Inspection  --------------  7-5-1 

sassembly  --------------------  7-5-1 

istallation __-- —   . _  14-1-27 

imoval   ----------------------  0-8 

:pair --  7-5-1 

'icating  Oil    Cooler    (Auxiliary) 

isembly  and  Testing   ---------------  7-5-2 

eaning   ---------------------  7~5-2 

sassembly  --------------------  7-5-2 

ispection   and  Repair   ---------------  7-5-2 

icating   Oil    Filter    (Block-Mounted) 

istallation --_______.-_  —   _  1^-1-29 

moval   ----------------------  0-3 

icating   Oil    Filter    (Remote-Mounted) 

stallation   -------------------  14-^-29 

moval    ---------------------  0-3 

icating  Oil  Lines 

eaning  ---------------------  7-2-1 

ttings  -----------------____  7-2-2 

spection  --------------------  7-2-1 

pair - 7-2-1 

ecifications  ------------------  7-2-1 

icating  Oil  Pressure  Regulator 

sembly  -----------_-_-______  7-7-1 

sassembly  ----------------____  7-7-1 

icating  Oil   Pump    (Double,    Six-Cylinder   Engine) 

sembly  ---------------_-_-__  7-6-3 

eaning  and  Inspection  --------------  7-6-3 

sassembly  --------------------  7-6-1 

icating   Oil    Pump    (Oil    Pan-Enclosed) 

stallation   --------------------  i4-]_2| 

moval    ----------------------  0-13 

Bearing  Caps 

stallation  -------------------  14-1-1 

moval  ----------------------  0-17 

ghtenlng 14-1-2 


IND-10 


Oil  Drain  Tube 
Instal lation 
Removal  -  -  • 


Oi 1  Gauge  Dipstick 


Oil  Gauge  Tube  and  Bracket 
Instal lat  ion  -----  - 

Removal  --------- 


Oil  Pan 

Assembly  -------- 

Cleaning  and  Inspection 
Di  sassembly  ------ 

Instal lation  ------ 

Removal  -------- 

Repa  ir--------- 

Specifications  -  -  -  -  - 


Oi 1  Passage  Plugs 
Installation  -  • 
Removal  -  -  -  - 


Oil  Sea  Is 9-i 

Oil  Slinger 

Instai lation  ------------------- 

Removal  ---------------------- 

Oil   Transfer  Connection 

Installation  ------------------- 

Remova I    ---------------------- 


Operating  Temperature 


P  i  stons 

Assembly  -------- 

Cleaning  and  Inspection 
Installation  -  -  -  -  -  - 

Removal  -------- 


Piston  Rings 
Instal lation 
Remova 1    -  -  • 


IHD-11 


wer  Generators  --------------------  15-3-1 

ime  Fuel  System  -------------------  14-2-1 

ime  Lubricating  System  ----------------  14-2-1 

sh  Tubes 

Inspection  ----------------------  3-2-1 

Installation  .......  -  .............  14-1-15 

Removal  -----------------------  0-11 

diator 

Caps  ........................  8-7-2 

Disassembly  ---------------------  8-7-1 

Hose  .........  ................  8-7-2 

Inspection  and  Rebuilding  --------------  8-7-2 

ar  Cover  and  Seal 

Installation  ...........  -  -  -  -  ----  -  14-1-3 

Removal  -----------------------  0-15 

Repair  -----  ---  ......  >___  ---  .-.  1-12-1 


move  Engine  From  Stand 


cker  Lever  Assembly 

Assembly  ----------------------  3-1-2 

Cleaning  and    Inspection  --------------  3-1-1 

Disassembly  ---------------------  3-1-1 

Installation  ............   ---   ---   ..  14-1-18 

Removal  -----------------------  0-10 


Lever  Cover 

Assembly  ----------------------  3-1-3 

Cleaning,  Inspection  and  Repair  ----------  3-1-3 

Disassembly  --------------------  3-1-3 

Installation  --------------------  ^_j»3^ 

Removal  -----------------------  0-10 


art  ing  Procedure  ------------------    14-2-3 


IND-.12 


Steam  Cleaning 


Supercharge— 
Assembly  -------- 

Disassembly  ------ 

Inspection  ------ 

Instal lat Ion  -  -  -  -  - 

Preliminary  Inspection 
Removal  -------- 


Supercharger  Intake  Connections 
Installation  --------- 

Removal  ----------- 


Tappets  and  Guides 
Assembly  -  -  -  - 
Disassembly  -  -  • 
Inspection  -  -  - 
Insta  1  lat ion  -  - 
Removal  -  -  -  -  - 


Thermal  Control 


Thermostat  Housing  and  Water  By-Pass  Connection 
Assembly  ------------------- 

Cleaning  and  Inspection  ----------- 

Disassembly  ----------------- 

Installation  ----------------- 

Removal  ------------------- 


Thrust  Washers  ----------- 

Timing  the  Engine  ---------- 

Torque  Converter  Cooler  ------- 

Torque  Converter  Governor  Adjustment 
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Grinding  ----------------------  />i>-i 

Inspection  ---------------------  2-5-1 

Installation  -  -----  -  --  --  ___.__-  --  2-6-1 

Removal  ----------------------  2-1-1 


Valve  Adjustment 


Valve  Crossheads 

Adjustment  -----  —  -_-__-_______„  \l±-\-^ 

Inspection  ---------------------  2-4-1 

Installation  ......  ---  ......  -----  14-1-17 

Removal  ----------------------  o-M 

Valve  Crosshead  Guides 

Inspection  -----  —  -_--____>____  2-1-2 

Removal  ----------------------  2-4-1 

Replace  ----------------------  2-4-1 

Valve  Guides 

Inspection  ---------------------  2-5-2 

Installation  -------------------  2-5-3 

Removal  ---------------------  -  2-5-3 

Valve  Seats  and  Inserts 

Grinding  ----------------  —  --  --  2-3-1 

Inspection  ---------------------  2-1-3 

Removal  ----------------------  2-3-1 

Replace  ----------------------  2-3-1 

Valve  Springs 

Inspection  --------------------  2-5-3 

Installation  -  -  -  -  -  --------------  2-6-1 

Removal  ----------------------  2-1-1 

Testing  ----------------------  2-5-3 

Vent  Holes  ------  ---  -  -  ---  ___  —  __  --  2-6-2 
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Inspection  and  Repair  ----------------  1-6-1 

Removal  ---------------------  —  Q-14 

Water  Header  Plate 

Installation  -------  --  —  -_-  14-1-25 

Removal  --------  --  o-10 

Water  Pump 

Installation  -------  14-1-26 

Removal  -  —  --  —  -  — 0-9 

Water  Pump  (Supercharger-Driven) 

Assembly  -- 8-1-2 

Cleaning 8-1-1 

Disassembly  -----------------  —  —  8-1-1 

Inspection  ----------------------  8-1-1 

Replacing  Ceramic  Seal  -------------  —  -  8-1-2 

Basic  Issue  Items  List  and  M  6-  0  Supplies  -------  App.  A 

Maintenance  Allocation  Chart  —  -_-___---  —  /\pp.  B 
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